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Abstract of thesis. 
The aquatic immature stages of chironomids are well suited for use in 
biological monitoring and assessment of freshwater systems, due to their 
diversity and abundance. A reliable method of sampling chironomids is by 
collecting drifting pupal exuviae. In Australia, the identification of 
chironomids at all life stages has been difficult owing to the "taxonomic 
impediment" - the lack of detailed published descriptions. Previous 
biological monitoring studies showed that immature chironomids of the genus 
Cricotopus were frequently collected from a variety of water systems, and 
examinations of previously collected larvae and pupae showed that there were 
certainly more than the two species so far described. A taxonomic revision 
of Australian Cricotopus was undertaken, to include descriptions of adults, 
pupae and larvae. 
Ten species of Australian Cricotopus are described here, nine of them 
new, together with information of their biology and environmental tolerances. 
Keys to all life stages are provided to enable identification of Cricotopus by 
other workers. The larval stage was found to be the most difficult to identify 
and the pupal stage the easiest. It is recommended that pupal exuviae of 
Cricotopus, among other genera, should be used for biological monitoring of 
freshwater systems in Australia. 
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Chapter 1 
INTRODUCTION 
1.1. The family Chironomidae. 
Chironomids comprise a large family of nematocerous Diptera, division 
Culicomorpha, with a pan-global distribution. Although some species have terrestrial or 
marine larvae, the great majority have freshwater aquatic larval stages (Pinder 1989). 
Freshwater chironomids occupy a wide range of habitats from deep lakes to shallow 
streams, and a wide range of feeding niches including wood mining and predation (Pinder 
1986); however most are algae or detritus feeders (Oliver 1971 ). The family includes 
nine sub-families, seven of which occur in Australia (Cranston and Martin 1989). The 
subfamily Orthocladiinae is one of the largest and includes the genus Cricotopus. 
1.2. The genus Cricotopus. 
Cricotopus (Diptera: Chironomidae) was originally described by van der Wulp 
(1874) from adult males of eight Palaearctic species. The type species was Chironomus 
tibia/is Meigen (type locality not given, type designated by Coquillet 1910, p.528), and 
the following species were included: Chironomus bicinctus Meigen, Chironomus 
tricinctus Meigen, Chironomus annulipes Meigen, Tipula motitator Linnaeus, Chironomus 
unifasciatus Macquart, Tipula sylvestris Fabricius and Chironomus ornatus Meigen. 
With over 100 species now described (Oliver and Dillon 1988) Cricotopus is one of the 
largest genera in the subfamily Orthocladiinae. The great majority of species described 
are Palaearctic and Nearctic. The Palaearctic members of the genus were reviewed by 
Hirvenoja (1973), who divided the 71 species into two subgenera and 17 species-groups, 
based on a cladistic analysis using 61 characters, mainly of adults but also including some 
pupal and larval characters. The subgenera were named Cricotopus (Cricotopus) and 
Cricotopus (Isocladius), after the genera Cricotopus van der Wulp and Isocladius Keiffer 
to which the two groups had been previously assigned. Since then three more subgenera 
have been described: C. (Nostococladius) by Ashe and Murray (1980), from the Nearctic 
region (elevating Hirvenoja's lygropis-group to subgeneric status; type species C. 
lygro_p_is Edward); C. (Marius) by Lehmann (1981) from the Afrotropical region (type 
species C. kisantuensis Goetghebuer); and C. (Pseudocricotopus) by Nishida (1987) from 
Japan and the Nearctic region (type species C. montana Tokunaga). The Nearctic arctic-
zone Cricotopus were reviewed in 1988 by Oliver and Dillon, who redescribed 12 
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species, 11 of which were Holarctic, and described two new species. 
Two Australian members of the genus have been described, C. albitibia (Walker) 
and C. annuliventris (Skuse) (Freeman 1961). C. albitibia was first described from 
Sierra Leone in Africa as Chironomus albitibia (Walker 1848), but was reassigned to 
Cricotopus by Freeman (1956). Australian specimens from New South Wales, 
Australian Capital Territory and Western Australia were assigned to this species by 
Freeman (1961). C. annuliventris was first described from Lawson in the Blue 
Mountains of New South Wales as Orthocladius annuliventris (Skuse 1889) 1 but was 
reassigned to the genus Cricotopus by Freeman (1961). Both species descriptions fit the 
subgenus C. (Cricotopus) according to the keys and diagnoses published in Weiderholm 
(1983, 1986, 1989). The specimens of both species examined by Freeman are now in 
the Australian National Insect Collection, Canberra, and were available for examination by 
the present author. All are pinned rather than slide mounted, but a preliminary 
identification according to the keys in Chapter 4 is given in Appendix 7. 
Both published descriptions of Australian species of Cricotopus are of adults only 
(male and female). Dipteran taxonomy has traditionally been based on adult males, but as 
will be discussed below, descriptions of the larvae and pupae of chironomids are often of 
more value to freshwater biologists. Hirvenoja (1973) included, where possible, 
descriptions of all life stages in his revision of Palaearctic Cricotopus and later 
taxonomists have fallowed this practice. 
Four new Australian species of Cricotopus were collected and described by 
Hergstrom (1974) in her unpublished University of South Australia thesis2, as well as the 
two species previously described. Hergstrom's new species were given the manuscript 
names Cricotopus albitarsis, C. parbicinctus, C. phaesomatus and C. hirtellus. Keys to 
the six species of Cricotopus, brief descriptions of the larva and pupa of one of her new 
species and keys to the larvae and pupae of three species were also included. 
Hergstrom's descriptions have not been formally published, but her thesis was available 
to the author of this study and her descriptions of Cricotopus are discussed in Chapter 5. 
The unidentified species of Cricotopus (lsocladius) from Victoria referred to by 
Cranston and Martin (1989) is a misidentification (P.S.Cranston, pers. comm.) 
1 Skuse (1887) quotes van der Wulp (1873) as saying of the genus Orthocladius "legs uniformly 
coloured, at most a little darker towards the joints" (author's translation), and observes that his new species 
of Orrhecladius (which he describes as having rings on front and middle legs) therefore seems a peculiar 
exception to the general rule. Yet van der Wulp, on the same page as his description of Orthocladius, 
describes his new genus Cricotopus, saying that he has named it after the rings (XPLXW'Cocr) on its legs 
( 7tOUO'). 
2 Bergstrom described a total of 73 species in her thesis, with notes on their biology. She also 
discussed the phylogenetic relationships of the species in the subfamilies Aphroteniinae and 
Orthocladiinae. 
2 
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1.3. The uses of Chironomidae in biological monitoring. 
Chironomids, especially their larvae, are almost always encountered in surveys of 
f~e-~hwater invertebrates, due both to the large number of species (probably >500 in 
Australia alone [P. Cranston pers. comm.]) and the wide range of environmental 
conditions tolerated by the family as a whole. These characteristics have lead to the 
widespread use of chironomids in biological assessment and monitoring of freshwater 
systems (Saether 1979; Morris and Brooker 1982). 
In the northern hemisphere the usefulness of chironomids has been greatly 
enhanced by the complete keys and diagnoses to genera and sub-genera of the Holarctic 
fauna (Weiderholm 1983, 1986, 1989), as well as the many complete species 
descriptions. In Australia, although chironomids are frequently mentioned in reports of 
biological monitoring programs, they are rarely identified beyond generic level (Timms 
1978; Bennison et al. 1989). Even if authors do try to identify chironomids to species 
(Doeg 1984; Blyth __ et al. 1984; Metzeling et al. 1984; Scarlett and Harris 1990), the 
available published names are insufficient to name all the species recognised; the authors 
have instead to refer to voucher numbers in a reference collection of chironomid larvae 
such as that set up by the Museum of Victoria, Melboume3. 
Voucher systems provide a useful tool to those with access to the voucher material, 
but unless keys and illustrations of the material are available pointing out characters of 
taxonomic interest, they are difficult to use. Problems with easy access may also lead to 
the establishment of separate and possibly incompatible voucher systems. Published 
taxonomic descriptions of Australian species are therefore preferable, but as yet few in 
number. This difficulty of naming Australian chironomids is one part of the "taxonomic 
impediment" to biological monitoring of freshwater systems in Australia identified by 
Williams in 1976 and strongly repeated by Blyth (1979), Campbell (1979, 1981) and 
Cranston (1990). 
Whatever the method used for biological assessment - species diversity or the 
presence or absence of key "indicator" species (for discussions see Warren 1971; Cairns 
1974; Blyth 1979; Cranston 1990) - obtaining representative samples of the site biota is 
of the greatest importance. Adult chironomids can be collected by netting or trapping. 
"Emergence traps" placed above the water surface to catch newly emerged adults have 
been used by some researchers (Hergstron1 1974; LeSage and Harrison 1980b), but these 
are unsuitable for wide or fast-flowing water and most researchers have concentrated on 
the purely aquatic life stages. Popular methods of sampling immature chironomids and 
other freshwater invertebarates include dip-netting, drift-netting or Surber sampling (with 
3 Some of the specimens from this collection are described in Appendix 6. 
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or without physical disturbance of the substrate), suction sampling, core sampling and 
removal and sampling of natural or artificial substrates (see Elliot 1971; Brinkhurst 197 4; 
Campbell 1979). Each method has its advantages and limitations, and often a 
combination of methods is used to provide the widest possible sample (e.g. dip-netting in 
submerged vegetation and suction sampling substrate). 
One important limitation to many of these methods is the difficulty of using them in 
high or fast-flowing water, such as those that often exist for extended periods during 
winter or rainy seasons, or in deep and/or wide rivers and lakes (Campbell 1979). The 
other important limitations for most biological monitoring programs are time and money. 
The ideal sampling method is one that combines accuracy with ease and speed of 
sampling. For these reasons the sampling of the pupal exuviae4 of chironomids has been 
advocated (Wilson and Bright 1973; Wilson and McGill 1977; Arthington and Conrick 
1981; Wilson and Wilson 1985). 
1.4. The use of pupal exuviae for biological monitoring. 
The life histories of terrestrial insects with aquatic larvae necessitate a transition 
from aquatic to terrestrial environments: for chironomids this change takes place at the 
end of the pupal phase. The pupa becomes buoyant and rises to the surface of the water 
where eclosion is immediate and explosive (LeSage and Harrison 1980b). Pupal exuviae 
then remain floating on the surface of the water, where they can be collected easily . 
Collection can be by suspending a stationary net at the surface of running water to allow 
the current to carry exuviae into it, or by sweep-netting from the surface or shoreline of 
still waters. 
Not only are these very sin1ple and easy methods of sampling chironomids, they 
have the advantage of sampling species from all habitats within the water system, 
including those living deep in the benthos or mining submerged wood or macrophytes that 
would escape most other sampling techniques. Such samples often also include pharate5 
or semi-emerged adults; these allow associations to be made between pupal and adult 
morphology, so that pupae can be identified to species. It has the further advantage that 
many species (including, as will be seen, the Australian Cricotopus) are easier to identify 
as pupae than as larvae. 
This method of collecting chironomids has been used successfully in several studies 
4 The term "exuviae" (= shed skins or clothes), referring to the cast skin of each insect instar, is both 
singular and plural. 
5 The term "pharate" was coined by H.E. Hinton (1946) to describe a fully developed instar still enclosed 
in the skin of the previous instar. 
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in Europe (Wilson and Bright 1973; Wilson and McGill 1977; Wilson and Wilson 1984) 
and, although also advocated for Australia (Arthington and Conrick 1981), has suffered 
like other methods from the "taxonomic impediment". 
1.5. Aims of this research project. 
Although only two Australian species of Cricotopus have so far been described (see 
Section 1.2. above), the unpublished work of Bergstrom (197 4) and collections of pupal 
exuviae and reared series from various sites in south-eastern Australia made by R. Cook 
of the Murray-Darling Freshwater Research Centre in Albury-Wodonga and P.S. 
Cranston of the Australian National Insect Collection in Canberra, showed that many 
undescribed species of Cricotopus from a wide variety of locations and habitats existed in 
Australia. Together with data from published surveys (Timms 1978; Doeg 1984; Blyth 
et al. 1984; Metzeling et al. 1984; Bennison et al. 1989; Scarlett and Harris 1990) this 
suggested that members of the genus Cricotopus would often be encountered in 
freshwater fauna surveys, and that descriptions and keys to the genus would be of great 
use to freshwater biologists. 
The purposes of this project therefore were to: 
1. collect and describe the Australian members of the genus Cricotopus, including 
fourth-instar larvae and pupae, 
2. construct keys for identifying the Australian members of the genus Cricotopus, 
including adult males and females, pupae and fourth (final)-instar larvae. These keys will 
form part of a larger system being developed by P. S. Cranston of the Australian National 
' 
Insect Collection for identifying the greater part of the Australian chironomid fauna, and 
3. provide biological data on Australian members of the genus Cricotopus for use 
in environmental assessment of freshwater systems. 
1.6. Structure of this thesis. 
The following chapters contain: 1nethods of collecting, rearing and preparing the 
specimens used in this study; morphological characters used in past taxonomic studies of 
Cricotopus, and those used in this study; keys to adult males, adult females, pupae and 
finaCinstar larvae of Australian Cricotopus; diagnosis of Australian Cricotopus and 
descriptions of 10 species of Australian Cricotopus; a discussion of the biology of 
northern hemisphere and Australian species of Cricotopus; summary and conclusions. 
There are also appendices containing: abbreviations used in this thesis; the data recorded 
5 
from specimens used in this study; preliminary identifications of Cricotopus larvae from 
the Museum of Victoria voucher collection; preliminary identifications of pinned 
specimens of adult Cricotopus from the Australian National Insect Collection. 
6 
Chapter 2 
METHODS 
2.1. Specimens used. 
Over 1000 individual specimens were examined for this research project. A large 
number of slide-mounted specimens came from the Australian National Insect Collection 
(A.N.I.C.) in Canberra, including many associated series: many of these had been 
collected and reared during the Upper Murray Rivers Survey (Murray-Darling Freshwater 
Research Centre, Albury, New South Wales), the Brisbane River Survey (Griffith 
University, Brisbane, Queensland) and the Alligator River Area Survey (Office of the 
Supervising Scientist for the Alligator Rivers Region, J abiru, Northern Territory). 
Specimens from the Northern Territory, Queensland, New South Wales, Australian 
Capital Territory, Victoria, Tasmania and Western Australia were mostly collected by P. 
S. Cranston and R. Cook. C. Madden from the Waite Agricultural Research Institute in 
South Australia supplied some specimens from that state, and Prof. A. Harrison from 
Cape Province, South Africa, supplied 6 prepared specimens of C. albitibia from Ethiopia 
to enable comparison with Australian material. The author personally collected many 
specimens from the Australian Capital Territory and New South Wales so that they could 
be raised to adulthood to obtain definite associations between larva, pupa and adult (see 
Section 2.3. below). A complete list of specimens examined will be found in the 
description of each species in Chapter 5. 
2.2. Collecting specimens. 
Several collection methods were used by the author. Pupal exuviae were collected 
by suspending small dip-nets or Surber samplers at the surface of flowing water, as 
described in Chapter 1. Whenever practicable the nets were left overnight so that possible 
evening or night-time emergences would be sampled (Danks and Oliver 1972; Kureck 
1980), although useful samples were also taken in just a few hours during daylight, 
especially during the cooler months when diurnal emergence is more common. As 
described in Section 1.4., this method also often collects pharate or semi-emerged adults. 
The firm association between larva, pupa and adults necessary for full taxonomic 
descriptions can best be achieved by rearing live larvae through to adulthood, resulting in 
a complete series of larval exuviae, pupal exuviae and adult (Roback 1976; Cranston 
1982; Pinder 1989). Larvae for rearing were collected by scraping algal growth from 
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rocks and scooping it into a dip-net, by washing the algal growth and detritus from 
smaller rocks directly into a sorting tray, or by lying down close to the water surface and 
removing individual specimens from the substrate. A shallow white plastic tray was used 
to contain material for sorting, from which specimens could be seen by eye and removed 
by pipette. Sorting was done whenever possible at the collecting site; this was important 
because the instar might be well advanced and ecdysis or eclosion occur before the 
specimens could be taken to the laboratory, meaning that association between larval 
exuviae and pupa, or pupal exuviae and adult, would be missed. Live larvae and pupae 
were placed in about 1 ml of water in individual glass phials. Dead specimens and 
exuviae were preserved in 70o/o ethanol. 
2.3. Rearing of live specimens. 
Phials 50mm x 10mm were found adequate for collecting and subsequent rearing. 
Phials containing live specimens were stoppered with cotton wool to prevent the escape of 
emerged adults while allowing diffusion of gases, transported to the laboratory in an 
insulated container and kept at approximately the temperature of the parent stream. 
Specimens were inspected daily to remove dead or metamorphosed animals, which were 
preserved in 70% ethanol prior to slide-mounting. Great care was taken at all times to 
ensure that associated larval and pupal exuviae and adults were kept together, and separate 
from other specimens. If metamorphosis did not occur within about one week it was 
found that raising the temperature by about 5°C sometimes hastened the process. This 
method is based on that of Cranston (1982) with modifications also suggested by P. S. 
Cranston (pers. comm.). 
2.4. Slide-mounting of specimens. 
Although many early descriptions of chironomids, including the Australian 
Cricotopus, were made from pinned specimens, the use of slide-mounted specimens is 
advocated by recent chironomid taxonomists (Hirvenoja 1973; Saether 1980; Cranston 
1982; Pinder 1989). Several methods and mountants have been used by different 
authors. Cranston (1982) described the use of Berlese fluid, dimethyl hyantoin 
formaldehyde resin or polyvinyl lactophenol, while Pinder (1989) and Cranston (pers. 
comm.) recommended against the use of chloral hydrate based mountants due to their 
~-::. 
-
temporary nature and the problen1s associated with their crystalising with age; they 
recommended instead using Canada Balsam or Euparal. 
Bergstrom (197 4) mounted her specimens of Australian chironomids in Canada 
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Balsam but first stained them with acid fuchsin: although no reason is given for the 
staining, this was presumably to make hyaline structures more visible, following Freeman 
(1956). Some of Bergstrom's specimens are now in the Australian National Insect 
Collection and were available for inspection by the present author. It was found that the 
staining has in fact obscured differences in pigmentation, making identification of some of 
her specimens problematical. Staining is not recommended. 
Specimens collected by or supplied to the author were permanently mounted in 
Euparal following the method of Pinder (1989). Euparal is immiscible in water, so 
specimens must be dehydrated before mounting, but as Pinder (1989) points out, good 
permanent mounts take little longer to prepare than temporary ones and remain available to 
later researchers indefinitely. 
Internal organs of chironomids may obscure hyaline external features, so whole 
specimens were always cleared before mounting to ensure a clear view of the cuticular and 
sclerotised structures. The full procedure is described below. 
2.4.1. Adults. 
The wings, antennae and the three legs from one side of the thorax were removed 
with fine forceps,with the specimens still in 70% ethanol, . These were dehydrated in 
iso-propanol6 for about 5 minutes before being mounted in Euparal on a glass slide, with 
the wings under one cover slip and the legs and antennae under another. The rest of the 
specimen was cleared of soft tissue in 10% KOH overnight, neutralised with glacial acetic 
acid and dehydrated in iso-propanol. After about five minutes in iso-propanol each 
specimen was placed on a small drop of Euparal mountant on a glass slide and dissected 
under a stereoscopic microscope using fine forceps and tungsten dissecting needles. It 
was found easier to dissect the specimen at this stage, rather than earlier, so that separated 
parts did not become disassociated during preparation. The aim of the dissection was to 
display morphological features of taxonomic interest.- Head, thorax and abdomen were 
separated and mounted in separate drops of Euparal on the slide containing the wings, legs 
and antennae. With all but the smallest specimens, a sliver of thin card was placed beside 
each head, thorax and abdomen to prevent over-compression when the coverslip was 
pressed down. The head was mounted anterior side uppermost, the thorax lateral side 
uppermost; the abdomen of males was mounted dorsal side uppermost, that of females 
ventFal side uppermost. 10 mm coverslips (which allow space on a single slide for up to 
eight separate coverslips) were applied and gently compressed to allow the mountant to 
6 Iso-propanol was used in preference to ethanol as it absorbs atmospheric water more slowly when 
uncovered - an important point when using Euparal mountant, in which water is immiscible. 
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-spread, while the specimen was being observed under the microscope to ensure 
orientation remained correct. The arrangement and orientation of an "ideal" preparation is 
shown in Fig. 2.1 a. 
2.4.2. Pupae. 
Whole pupae were cleared and dehydrated as described for adults; pupal exuviae 
were placed directly in iso-propanol. After being placed in a drop of Euparal, the 
abdomen and cephalothorax were separated. The cephalothorax of exuviae was always 
split along the two eclosion lines on either side of the frons and along the dorsal eclosion 
line: both frons and thorax were spread out and mounted exterior uppermost ; the 
abdomen was mounted dorsal side uppermost, and both were covered with a single 
coverslip. Slight pressure was carefully applied to spread the mountant evenly under the 
cover-slip. During this procedure the specimen was continually observed under the 
microscope to ensure that orientation remained correct. An "ideal" preparation is shown 
in Fig. 2.1 b. 
2.4.3. Larvae. 
Whole larvae were cleared and dehydrated as described for adults; larval exuviae 
were placed directly in iso-propanol. Each specimen was then placed in a drop of Euparal 
and dissected to display antennae, mandibles, labrum and mentum. The head capsule of 
exuviae was usually split along the two eclosian lines on either side of the frontal apotome 
and sometimes medially through the mentum. This allowed the fronto-clypeus/labro-
epipharynx complex to be mounted dorsal side uppermost with the labrum and palatum 
extended, and the lateral and ventral parts to be flattened out and mounted exterior side 
uppermost. Care was taken to ensure that mandibles and antennae were extended and 
unobscured. The specin1en was then covered with a cover slip to which slight pressure 
was carefully applied to spread the mountant evenly under the cover-slip. During this 
procedure the specin1en was continually observed under the microscope to ensure that 
orientation remained correct. An "ideal'' preparation is shown in Fig. 2. lc. 
Where an associated series of larval exuviae, pupal exuviae and adult was available 
frorrrTearing, all were mounted on a single slide as shown in Fig. 2. ld. In such cases 
great care was taken to ensure that the associated specimens ren1ained together throughout 
the process of mounting. 
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Chapter 3 
MORPHOLOGY 
3.1. Structures of taxonomic importance. 
The suites of characters chosen for previous descriptions of Australian Cricotopus 
vary considerably. Skuse (1887) used colour and pattern (of pinned specimens), relative 
lengths of abdomen, thorax, genitalia, leg segments and wings, as well as distances 
between wing vein branches. Freeman ( 1961) used colour and pattern ( of pinned 
specimens), wing length, and lengths and ratios of legs and antennae. Hergstrom (1974) 
used colour and pattern (of slide-n1ounted specimens), palpal formula(= length of each 
palp segment/ length of segment 3), lengths and ratios of legs and antennae, wing length 
and Aspect Ratio ( = area / length2), the relative position of wing vein branches, and 
setation of head, thorax and abdomen. Both Freeman and Hergstrom also gave 
illustrations of male terminalia. For-reasons of uniformity and comparability it was 
decided in this study to use the character suites used by more recent taxonomists; the 
characters used here, therefore, are based on those of Hirvenoja (1973), LeSage and 
Harrison (1980a), Szadziewski and Hirvenoja (1981), Cranston (1982) and Weiderholm 
(1983, 1986, 1989) in descriptions of Cricotopus from the northern hemisphere. 
Thirty-four characters were recorded for males, 33 for females, 19 for pupae and 19 
for larvae: these are described in full below. Many characters were later found to be of no 
specific significance, but all measurements are shown in Appendices 2 - 5. In addition 
drawings were made of larval mandible, antenna and mentum; pupal frons, thorax and 
abdomen; adult thorax, leg and abdomen colour pattern, setation of tergites II and IV, and 
genitalia. 
Most measurements of pupae in this study are of exuviae, either obtained from 
rearing or by netting from the surface of water. 
Most measurements of larvae in this study are of exuviae which form part of reared 
series. If whole larvae were used they were always fourth-instar? larvae, recognisable 
prior to ecdysis by the three swollen anterior or thoracic segments of the abdomen. The 
morphology of chironomid larvae always changes between instars (Mackey 1977), and 
descriptions are therefore based only on fourth (final)-instars (Pinder 1983). 
7 All chironomids have 4 larval instars and 1 pupal instar. 
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The terminology of Saether (1980) is used throughout, and is shown in Figs 3.1 -
3.5: the abbreviations of Saether (1980) are used where-ever appropriate and are listed in 
Appendix 1. 
The following sections contain an account of the taxonomic characters used in this 
study. 
3.2. Taxonomic characters of adults. 
1. Overall length. 
Head. 
2. Width. This varied between species but most variation was allometric (see 
Appendices 2, 3). 
3. Length of dorsomedial extension of eye (Fig. 3. la). Hergstrom (1974) used 
this character (called by her "dorsal elongation" and defined by number of facets) and 
found variation between species. However all her descriptions were based on small 
numbers of specimens (albitarsis d n=2, parbinctus d n=6, phaesomatus d n=l, 
annuliventris d n=2, hirtellus d n=l): in the present study this character was found to 
vary so much within species, probably due to orientation and compression, as not to be 
useful. 
4. Setation of antennae. This character was used by Hergstrom (1974) but did not 
vary significantly between species. 
5. Dorsal setation of head (Fig. 3. la). This varied between species but ranges 
overlapped. The setae on adult chironomids are often broken or missing; in all cases 
counts of setae included both whole and broken setae and also, where the setae were 
missing but the points of attachment to the integument were visible, these points. 
However, the points of attachment are often difficult to see and counts of missing setae 
may have been underestimated. 
6. Shape of tentorium. This varied with orientation but not significantly between 
species. 
7. Setation of clypeus. This varied between species: rather than give a count of 
seta~setation is described as "sparse" (<10 setae) or "moderate" (11-20 setae). 
8. Lengths of palp segments 2-5. This varied between species but most variation 
was allometric. In this genus only four segn1ents are easily seen, but following Saether's 
(1971) homology, it is assumed that segment 1 is not measurable. 
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Thorax. 
9. Length (Fig. 3.1 b). This varied between species but most variation was 
allometric (see Appendices 2, 3). 
10. Colour and pattern. Colour has been widely used to describe pinned 
specimens (Skuse 1889; Freeman 1961) but the same colours will not be seen on slide-
mounted specimens. The use of exuviae or cleared specimens, and the method of 
preparation used here (see chapter 2), resulted in pigmented areas of cuticle appearing 
more or less brown under an ordinary light microscope, while unpigmented areas 
appeared hyaline; in the following descriptions the colours are so named. Moeller (1966) 
demonstrated that colour may be temperature mediated, while Sublette and Sublette (1987) 
showed that colour in Cricotopus is caused by pigments within the cuticle and associated 
with patterns of microtrichiae on the surface of the cuticle. In this study the colour -
especially of pupae - was certainly found to vary within species. This may have been due 
to seasonal factors such as temperature, but n1ay also have been due to differences in the 
time the specimens spent in preservative (Bergstrom 1974) or the preservative used before 
slide-mounting (Pinder 1989). It was also noticed during the rearing of specimens for 
this study that full colour, especially of legs, did not develop until hours or days after 
eclosion. For these reasons colour pattern is a more reliable character than colour per se. 
11. Setation. Counts were made of all thoracic setae. There was variation 
between species, but there were large overlaps in the count range of most species. In this 
study some difficulties were encountered making counts of thoracic setae; the sites of 
broken-off setae were hard to identify, and the lateral orientation of the specimens meant 
that acrostitial and scutellar setae were often obscured by the integument. These may 
have been underestimated, and therefore are not considered reliable characters. 
Wing (Fig. 3 .1 c ). 
12. Length from arculus to apex. This varied between species but most variation 
was allometric (see Appendices 2, 3). 
13. Width at widest point. This varied between species but most variation was 
allometric. It also varied between sexes (see Appendices 2, 3). 
14. Wing ratio(= length/width). This ratio varied significantly between the same 
sexe$_~of some species (see Appendices 2,3). 
15. Extent of anal lobe. This varied between species and also varied between 
sexes. ,, 
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16. Position of veins and extent of costal extension. There was no significant 
variation between species. 
17. Setation. This varied both between species and sexes, there being no setae on 
veins R1 or R4+5 of males of any species. Females had a more or less continuous row of 
setae extending from R onto R1, which is described here as "R+R1". 
Legs (Fig. 3.2a). 
18. Colour and pattern. This varied significantly between species, but see 10 
above. 
19. Setation. This did not vary significantly between species. 
20. Lengths of segments and leg ratios LR (=Ta1/Ti), BV 
(=Fe+Ti+Ta1/Ta2+Ta3+Ta4+Ta5), SV (=Fe+Ti/Ta1). Lengths varied between species 
but most variation was allometric. Ratios varied considerably within species but also 
between species, although there was much overlap in the ranges of most species (see 
Appendices 2, 3). 
Abdomen. 
21. Length from anterior of segment I to apex of d gonocoxite/~ cercus. This 
varied between species but most variation was allometric. It also varied between sexes 
(see Appendices 2, 3 ). 
22. Colour and pattern. Pattern varied significantly between species (see also 10 
above). The apparent size of anterior and posterior pale bands on tergites may be 
variable, d~pending on the amount that the abdomen is extended to reveal the 
intersegmental membranes. 
23. Setation of tergites III and IV. This character was used extensively by 
Hirvenoja (1973) and also by LeSage and Harrison ( 1980). It was found in this study to 
vary between species and between sexes, but also considerably within species. LeSage 
and Harrison (1980), following Hirvenoja (1973), attempted a verbal description of this 
setation in their descriptions, using the terms basal, n1arginal, median, lateral and 
paratergal setae, but these fields are not clearly separated in adult Cricotopus and it is often 
difficult to determine which setae belong in which field. See also 5 above. In this study 
no verbal descriptions are given but illustrations are included of representative specimens 
'"' 
of each species. 
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3.2.1. Adult males. 
Antenna (Fig. 3.2b). 
24. Number of antennal flagellomeres. This was always 13. 
25. Length of antennal flagellomeres and antennal ratio AR ( = length of 
antennomeres 1-12/length of antennomere 13). This varied significantly between some 
species. 
26. Extent of groove on apical flagellomeres. This did not vary significantly 
between species. 
Genitalia (Fig. 3.2d). 
27. Shape of sternapodeme. This varied between species, but also within species. 
The sternapodeme is within the hypopygium but attached to and continuous with the 
coxapodemes on the cuticle. Exact delimitation of this structure at its junction with the 
coxapodeme is often difficult, but for all- species its shape and position has been shown in 
illustrations of the hypopygiun1 by shading. 
28. Shape of phallapodeme. This did not vary significantly between species. 
N.B. The phallapodeme articulates at its junction with the stemapodeme and may therefore 
vary in orientation. 
29. Shape of gonocoxite. There was significant variation of the shape of the 
inferior volsella on the inner margin of the gonocoxite between species. If variation also 
occurred within species the range of shapes is illustrated. 
30. Shape of gonostylus. There was significant variation in the extent of the crista 
dorsalis between species. If present, the crista dorsalis was more or less visible 
according to orientation of the gonostylus, and different views of the gonostylus are 
illustrated where appropriate. 
31. Length of gonocoxite and gonostylus (Fig. 3.2d) . These varied between 
species but most variation was allometric (see Appendix 2). 
32. Ratio of gonostylus to gonocoxite. This varied significantly between species, 
although ranges of some species overlapped. 
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3.2.2. Adult females. 
Head. 
33. Number of antenna! flagellomeres (Fig. 3.2c). This was always 5. 
34. Lengths and ratios of antenna! flagellomeres. These varied between species but 
most variation was allometric (see Appendix 3). 
Genitalia (Fig. 3.2d). 
35. Shape of seminal capsules. There was significant variation in the shape of 
seminal capsules between species, although the method of preparation caused those of 
many specimens to collapse, making it difficult to determine shape. 
36. Shape of spermathecal ducts. This varied within species from more or less 
straight to looped or recurved. This variation was probably caused by the ducts being 
extended by compression during preparation. 
37. Setation, shape and colour of cercus. There was no significant variation 
between species. Saether (1977) developed a system of homology of female with male 
chironomid genitalia, and included characters of females in his phlylogeny of the family. 
He also constructed keys to females of several subfamilies, including the Orthocladiinae, 
as well as keys to some tribes and genera. However few subsequent taxonomers of 
Cricotopus have used female characters to the same extent (Oliver 1977; LeSage and 
Harrison 1980a; Oliver and Dillon 1988). In this study, only the above characters of 
female genitalia were recorded. 
3.3. Pupae. 
38. Overall length 
Cephalothorax (Figs. 3.3a & 3.3b). 
39. Colour. This varied between species but also within species, possibly due to 
temperature differences during developn1ent (see 10 above). 
40. Rugosity. The dorsal surface of the cephalothorax of all species was more or 
less :r:l}gose. The degree of rugosity varied between species, which have been described 
as "slightly" ( just visible under light microscope), or "moderately" (easily visible under 
light microscope) rugose. 
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41. Frontal setation. This varied significantly between species; frontal setae were 
present on frons or prefrons, or absent. Although there is no clear demarcation between 
frons and prefrons in the species described here, setae on the frons were clearly dorsal to 
antennal sheaths and setae on the prefrons clearly ventral to antennal sheaths. 
42. Postocular setation. This did not vary significantly between species (see 
Appendix 4). 
43. Thoracic setation. The type and position of setae did not vary between species, 
but the lengths of setae varied between species. Thoracic setae usually taper to a very fine 
point which is often difficult to see and is often broken. Measurements were made of the 
lengths of setae visible under light microscope; this means that the ranges given here may 
be underestimates. 
44. Shape and colour of thoracic horn. This varied significantly between species, 
and sometimes within species. Thoracic horns of all species, except C. sp B which had 
no thoracic horn, are shown in Fig. 4.4 .. 
45. Thoracic horn ratio ( = length/width). This ratio varied between some species 
but also considerably within species (see Appendix 4). It was used by LeSage and 
Harrison (1980a) (= their Prothoracic Horn Ratio), but in the species described here the 
thoracic horns of all species can be more easily differentiated by simply looking at the 
diagrams in Fig. 4.4. 
Abdomen (figs. 3.3c & 3.3d). 
46. Length. This varied between species but most variation was allometric (see 
Appendix 4). 
47. Colour and pattern. This varied between species, notably in the relative 
pigmentation of muscle scars on the tergites of C. sp. IV and the presence of a reticulate 
pattern on the tergites and sternites of C. sp. C. However, colour also varied 
considerably within some species and therefore may not be a reliable character. 
48. Setation of all tergites and sternites. The abdominal setation of Cricotopus 
pupae includes spines, spinules and shagreen. These are represented diagramatically on 
the species illustrations, and are also shown in scanning electron micrographs in Fig. 3.4. 
This setation varied significantly between species, notably; in the presence or absence of 
~"' 
spinule fields on tergite I, anterior to the hook row on tergite II and on the pleura; in the 
size of the D5 seta on tergite III relative to those on tergites II and IV; in the relative 
lengths of the longest lateral seta on segment VIII relative to the width of the segment. 
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In some specimens there was no clear demarcation between the posterior spinule 
field and median spinule field on tergites III - V. This may have been an artifact of 
preparation brought about by infolding of the intersegmental membrane. As the median 
field consists of posteriorly-directed spinules and the posterior field of anteriorly-directed 
spinules, they are always drawn as separate. 
The number of lateral setae on segment VIII of some species varied (see 
Appendix 4). This may have been because the D4 seta appeared near the margin of the 
segment, so that it appeared to be a 4th or 5th lateral seta (L4 or LS); however, as the 
homology of these "extra" lateral setae is unknown, they are treated here as true laterals. 
Detailed illustrations of the setation of all pupae are included in the descriptions. 
Following convention, all lateral setae are shown in diagrams of the dorsal abdomen. 
49. Position of pedes spurii A and B. This varied significantly between species, 
notably: the presence or absence of PSB on segment III; the presence or absence of PSA 
on sterni te VII. 
50. Shape of hook row. In all species the hook row consisted of 2 more or less 
even rows of anteriorly directed hooks. 
51. Width of hook row relative to width of segment II. This varied between 
species but with considerable overlap of most ranges. 
52. Length of anal macrosetae relative to length of anal lobe/length of abdomen. 
The length of anal macrosetae relative to length of anal lobe varied between species, but 
difficulties were experienced in determining the anterior limits of the anal lobe due to 
infolding ofthe intersegmental men1brane: it was found that the ratio of anal macrosetae to 
total length of abdomen (including anal macrosetae) gave smaller relative ranges. 
3. 4. Larvae (fourth instar) (Fig. 3.5). 
53. Overall length. The abdomens of chironomid larval exuviae and whole 
speciemens which have been cleared in KOH are very flaccid and easily distorted. 
Measurements of length are difficult to make accurately. The measurements of larval 
abdomens in this study should therefore be taken as subject to considerable variation. 
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Head. 
54. Length. As most specimens exa111ined were exuviae which had split open 
along the dorsal eclosion lines and subsequently been dissected prior to mounting, head 
length was calculated by adding the length of the fronto-clypeus to that of the posterior 
medial margin of one side of the head capsule. This length varied between species but 
most variation was allometric (see Appendix 5). 
55. Colour. This varied between species, but see 10 above. 
56. Lengths and ratios of antenna! segments (Fig. 3.5b). Segments are separated 
by intersegmental membranes, but measurements were made between the base of one 
segment and the base of the next; this ensured that the sum of the lengths of all segments 
equalled the total length of the antenna. Lengths and ratios varied between species. 
Most variation in length was allometric (see Appendix 5), but antenna! ratio AR(= length 
of antenna! segment 1 / length of antenna! segments 2-5)8 varied significantly between 
species. 
57. Length of antenna! blade relative to antenna. There was no significant variation 
between species. The antenna! blades of Cricotopus are bifurcated (Figs 3.5b, 3.6a.); 
however under light microscope only the longer blade is usually visible and only this one 
has been measured in this study. 
58. Length of antenna! style relative to antenna (Figs 3.5b, 3.6a.). There was no 
significant variation between species. 
59. Position of ring organ (Fig. 3.5b.). There was no significant variation 
between species. 
' 
60. Size of Lauterborn organs. Although these structures can be seen by scanning 
electron microscopy (Fig. 3.6b.), they are not easily visible under light microscope; no 
significant variation between species was observed. 
61. Size, shape and position of labral setae. There was no significant variation 
between species. 
62. Shape of pecten epipharyngis (Fig. 3.5e). This character is one used by 
Hirvenoja (1973) and Cranston et al. (1983) to separate subgenera; C. (lsocladius) has a 
single fused plate, C. (Cricotopus) has 3 separate subequal plates (see also discussion 
~-::. 
Chapter 6). In all the specimens examined in this study the pecten epipharyngis appeared 
as three subequal plates, but it was often difficult to determine by viewing with the light 
8 N.B. This is the converse of Hirvenoja's (1973) AR, but the same as that used by Simpson et al. 
(1982) in their translation of Hirvenoja's key. 
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microscope if they were fused, or separate but overlapping. Scanning electron 
micrographs of larvae of C. sp. III and C. sp. D (Fig. 3.7a,b) show that the pecten 
epipharyngis of both species consists of three overlapping plates, and it is assumed that 
the other species are similar. 
63. Shape and setation of maxilla. There was no significant variation between 
species. 
64. Number of apical teeth on premandible. There was no significant variation 
between species. 
65. Length of mandible (Fig. 3.5c). This varied between species but most 
variation was allometric (see Appendix 5). 
66. Shape and colour of mandible. The major differences between species were 
whether the outer edge of the mandible was smooth or crenulated, and whether the inside 
was smooth or serrated. In her key to the larvae of four species of Cricotopus, 
Hergstrom ( 197 4) differentiates between C. annuliventris with 3 serrations and one 
species (her "C. parbicinctus") with 4 serrations: in this study all larvae which had 
serrations on the inner edge of the mandible, including C. annuliventris, had 4 serrations. 
The shape of the mandible also varied between species in the width of the toothed part 
(above the mola) relative to the length (Figs. 4. la & b, Appendix 5), and this ratio has 
been used to separate species in the Key to larvae in Chapter 4. 
67. Setation of mandible. There was no significant variation between species. 
68. Relative lengths of apical and sub-apical teeth of mandible (Fig. 3.5c). There 
was wide variation within species but no significant variation between species (see 
' 
Appendix 5). 
69. Colour, shape and number of teeth of mentum. The shape of the first and 
second lateral teeth varied between some species: illustrations of mentum are given for all 
species. All species had 6 pairs of lateral teeth excepf one species on which there was a 
7th lateral tooth. 
70. Ratio of apical tooth to width of mentum (Fig. 3.5d). There was wide 
variation within species but no significant variation between species (see Appendix 5). 
71. Men tum ratio MR ( = length/width)(Fig. 3.5d). There was wide variation 
~"" 
within species but no significant variation between species (see Appendix 5). This is the 
Hypostomial Ratio of LeSage and Harrison (1980a). 
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Figure 3.6. Larva (Cricotopus sp. D); scanning electron micrographs. 
A. antenna. B. Lauterborn organ. 
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Figure 3.7. Larva; scanning electron micrographs of pecten epipharyngis. 
A. Cricotopus sp. III. B. Cricotopus sp. D. 
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Abdomen. 
72. Length. 
73. Shape of hooks on anterior and posterior parapods. Hooks on anterior 
parapods were more or less pectinate, hooks on anterior parapods were simple; there was 
no significant variation between species. 
74. Presence and type of postero-lateral setae on all segments. The presence and 
type of these setae on segments I - VIII was used by Hirvenoja (1973) to separate his 
species groups (for discussion see Chapter 6), and Simpson et al. (1983) comment that 
the abdomen should be mounted with considerable care as the setation of segment VIII is 
especially important for group and species identification; . In this study difficulties were 
experienced in finding these setae - especially on larval exuviae, which are difficult to 
mount without the abdomen becoming distorted. Although plumose setae were observed 
on most specimens, the segment on which they were located could often not be 
determined accurately. This therefore is not considered a useful character. 
75. Size and number of anal tubules. These structures are very thin walled and 
flaccid. They are easily distorted and obscured and are not visible in many specimens. 
There was no significant variation between species. 
76. Size, shape and colour of procercus. On some specimens of some species the 
procercus had a pigmented patch. 
77. Number and length of anal setae. This varied between species but most 
variation was allometric (see Appendix 5). 
3.5. Measurements. 
All measurements were made using a calibrated graticule mounted in the eyepiece of 
an Olympus BH2 con1pound microscope. Although some authors include in their 
descriptions both the range and mean of measurements (e.g. Hirvenoja 1973), and some 
give both mean and standard deviation (e.g. Oliver 1977), there seems little justification 
for giving averages: average n1easurements give the impression that species can be 
separated by the size of a certain character, whereas because ranges may overlap this is 
often not the case. In this study the measurements are given as simple ranges. 
~-::. 
Although the descriptions are non1inally based - unless otherwise stated - on 10 
individuals, where more material was available the 10 individuals were selected to give the 
extremes of range. 
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3.6. Drawings. 
All drawings were made using a camera lucida drawing tube attached to an Olympus 
BH2 microscope using the magnifications shown in Table 3.1. below. The drawings 
were later reduced during photocopying, but equivalent structures were reduced by the 
same amount to enable direct comparison between drawings; a scale bar is shown where 
appropriate. 
Table 3.1. Magnifications at which drawings of characters of Australian 
Cricotopus were made. 
Character Magnification 
Adults w1ng X 125 
cJ genitals X 500 
Q genitals X 125 
Pupae frons X 125 
thorax X 125 
thoracic horn X 500 
abdomen X 125 
Larvae antenna X 1250 
mandible X 1250 
mentum X 1250 
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Chapter 4 
KEYS 
4.1. Identifying Australian Cricotopus. 
Australian adult male Cricotopus may be separated from other genera of 
Orthocladiinae by the key to Holarctic genera of Cranston et al. ( 1989). Australian adult 
female Cricotopus may be separated from other genera of Orthocladiinae by the 
preliminary key to Holarctic genera of Saether ( 1977). In their diagnosis of Cricotopus, 
Cranston et al. (1989) discuss possible confusion with Halocladius and Paracladius: this 
does not apply to Australian chironon1ids, as neither of these genera are known from 
Australia (Cranston and Martin 1989; P. S. Cranston, pers. comm.). Furthermore, there 
are no Australian endemic genera which might be confused in the adult stage with 
Cricotopus (P. S. Cranston, pers. comm.). 
Australian pupae cannot be separated by the key to Holarctic genera of Coffman et 
al. (1986) or the key to West Palaearctic pupal exuviae of Langton (1991). Australian 
larvae cannot be separated by the key to Holarctic genera of Cranston et al. (1983) The 
problem of separating Cricotopus from Orthocladius (Orthocladius) discussed in Cranston 
et al. (1983) and Coffman et al. (1986) does not apply to Australian chironomids, 
Orthocladius being absent from Australia. However, there may be confusion with 
Paratrichocladius. 
4.2. Separating Australian Cricotopus from Paratrichocladius. 
There is no single character distinguishing pupae of Holarctic Cricotopus and 
Paratrichocladius (Coffman et al. 1986). Although Coffman et al. suggest that the 
combination of a small, transparent thoracic horn plus the absence of frontal setae in 
Paratrichocladius will usually give separation, these criteria do not give generic separation 
of the Australian species (see descriptions in Chapter 5). In his key to West Palaearctic 
chironomid pupae, Langton (1991) described all three West Palaearctic Paratrichocladius 
species as without frontal setae, but also son1e Cricotopus species; he separated species in 
the two genera individually, mostly by the pattern of abdominal setation. 
Pupae of three un-named Australian species of Paratrichocladius and associated 
adults from the A.N.I.C., Canberra, were available for the author to examine. They 
could be distinguished fron1 Australian Cricotopus by the presence of a large 4th lateral 
3 1 
seta on the posterior of segment VII, the presence of two median spinule fields anterior to 
the hook row on tergite II, and the presence of posteriorly-directed spinules along the 
anterior part of the dorsal eclosion line on the thorax (Figs. 4.1 c, d). However it should 
be noted that these characters do not separate Holarctic members of the two genera. 
In Holarctic species, the only character clearly distinguishing some larvae of the two 
genera is the absence of setal tufts on the abdominal segments of Paratrichocladius, but 
they are also absent on some Cricotopus (Cranston et al. 1983); differences in the shape of 
first lateral tooth of the mentum described by Cranston et al. (1983) are not useful for 
separating Australian species (P. S. Cranston pers. comm.). 
Larvae of three un-named Australian species of Paratrichocladius and associated 
adults from the A.N.I.C., Canberra, were available for the author to examine. The larva 
could be separated from the larvae of Cricotopus by the flange on the inner edge of the 
apical tooth of the mandible, the trapezoid shape of the second tooth and the narrower 
apical width (Figs. 4. la, b); however it should be noted that in some specimens the teeth 
may become worn and these characters cease to be useful. 
Adults of the two genera can be easily separated as the dorsocentral setae of 
Paratrichocladius emerge from clear sockets and humeral pits are present. 
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Figure 4 .1. Differences between larva and pupa of Cricotopus and Paratrichocladius . 
A. Larva mandible ( Cricotopus sp. D) 
B. Larva mandible (Paratrichocladius sp.) 
C. Pupa thorax (Cricotopus sp. D) 
D. Pupa thorax (Paratrichocladius sp.) 
4.3. Key to adult males of Cricotopus in Australia (see also Figs 4.2&3). 
1 - Tergite IV wholly pale .............................................................. 2 
Tergite IV wholly or partly mid brown ........................................... 5 
2 - Tibiae and tarsomeres of middle and hind legs pale ............................. 3 
Tibiae of all legs mid brown, with or without pale bands, and all tarsomeres 
mid brown ........................................................................... 4 
3 - All legs pale apart from small mid brown patch on proximal end of tibia 
(Fig. 5.33c) .................................................................. C. sp. E 
Femora of all legs pigmented, tarsomeres of fore leg mid brown (Fig. 5. lc) 
.................................................................................. C. sp. I 
4- Tergite IV with median and lateral setae separate (Fig. 5.29b) ........ C. sp. D 
Tergite IV with median and lateral setae connected by posterior setae (Fig. 
5.13b) ........................................................................ C. sp. IV 
5 - Tergite I dark ........................................................................ 6 
Tergite I pale ......................................................................... 8 
6 - Tibiae of all legs with pale bands (Fig. 5.9c) ............................ C. sp. III 
Tibiae of all legs uniformly dark (Fig. 5.2lc) .................................... 7 
7 - Inferior volsella bilobed (Fig. 5.2lf) ...................................... C. sp. B 
Inferior volsella unilobed (Fig. 5.25f) .................................... C. sp. C 
8 - Tergites II, IV, V and VI mid brown with pale anterior band, inferior 
volsella bilobed or rounded ....................................... C. annuliventris 
Tergite II mid brown with pale anterior band, tergites III and IV mid brown 
with pale anterior and posterior pale bands, inferior volsella elongate and 
'"-
pointing posteriorly ......................................................... C. sp. II 
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4.2. V aria ti on m leg, thorax and atxiomen patterns of ad u It C ricowpus spp. 
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Figure 4.3. Variation in inferior volsella ( d") and seminal capsules ( 9) 
of adult Cricotopus spp. 
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-4.4. Key to adult females of Cricotopus in Australia. 
(see also Figs. 4.2 & 4.3) (C.sp.E not known) 
1 - Tergite IV wholly pale .............................................................. 2 
Tergite IV wholly or partly pigmented ............................. ............ ... 4 
2 - Tibiae and tarsomeres of mid and hind legs pale (Fig. 5.2d) ............ C. sp. I 
Tibiae of all legs dark, with or without pale bands; all tarsomeres dark ....... 3 
3 - Seminal capsules ovoid (Fig. 5.30e) ...................................... C. sp. D 
Seminal capsules spheroid (Fig. 5.14f) .................................. C. sp. IV 
4 - All tergites uniformly dark ......................................................... 5 
Tergite I pale; pale bands on tergites II and IV .................................. 7 
5 - Tibiae of all legs with pale bands (Fig. 5.10c) ................... ....... C. sp. III 
Tibiae of all legs uniformly dark .................................................. 6 
6 - Seminal capsules spheroid (Fig. 5.22f) ................................... C. sp. B 
Seminal capsules elongated (Fig. 5.26f) .................................. C. sp. C 
7 - Tarsomeres of mid and hind legs pale; tibiae of all legs pale with distal one 
tenth mid brown (Fig. 5.6c) ................................................ C. sp. II 
Tarsomeres of all legs mid brown, tibiae of fore and mid legs with pale band 
on proximal third; tibia of rear leg mid brown (Fig. 5.18c) ... C. annuliventris 
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4.5. Key to pupae of Cricotopus in Australia (see also Fig. 4.4). 
1- Segment III with pedes spurii B; frontal setae present; segment VIII with 
longest lateral setae less than 1/7 width of segment ............................ 2 
Segment III without pedes spurii B; frontal setae absent; segment VIII with 
longest lateral setae more than 1/7 width of segment ........................... 6 
2 - Frontal setae on frons, dorsal to antenna! sheaths ............................... 3 
Frontal setae on prefrons, ventral to antennal sheaths .......................... 4 
3 - Thoracic horn mid-brown and very scaly; abdomen with reticulate pattern 
(Fig. 5.27) .................................................................... C. sp. C 
Thoracic horn hyaline and not scaly; abdomen without reticulate pattern (Fig. 
5.3) ............................................................................. C. sp. I 
4- Tergite I without spinules; tergite II with or without sparse spinule field 
anterior to hook row ................................................................ 5 
Tergite I with sparse posterior or media-lateral spinule fields; tergite II with 
extensive spinule field anterior to hook row ..................................... 9 
5 - Segments III and IV without spinule fields on pleura; tergite III with D4 
setae noticeably stouter than on tergites II and IV; sternite VII with small 
pedes spurii A; all tergites with pale muscle scars (Fig. 5.7) .......... C. sp. II 
Segments III and IV with spinule fields on pleura; tergite III with D4 setae 
similar to those on tergites II and IV; sternite VII without pedes Spurii A; 
tergite_s II - VII with dark muscle scars (Fig. 5.15) ....... ... ...... .... . C. sp. IV 
6 - Segment VIII with 5 lateral setae; tergite II with 2 media-lateral 
spinule fields (Fig. 5.34) ................................................... C. sp. E 
Segment VIII with 3 or 4 lateral setae; tergite II without media-lateral 
spinule fields ....................................................................... . . 7 
7 - Tergite II with single media-lateral spinule field anterior to hook row (Fig. 
5.19) .......................................................... . ... . .. C. annuliventris 
Tergite II without media-lateral spinule field anterior to hook row ...... ... .. 8 
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8 - Thoracic horn absent; tergites IV - VI with postero-lateral spinule fields (Fig. 
5.23) ......................................................................... C. sp. B 
Thoracic horn present; tergites IV - VI without postero-lateral spinule fields .. 
(Fig. 5.11) .................................................................. C. sp. III 
9 - Segment II with spinule fields on pleura, tergite I with posterior spinule field 
(Fig. 5.31) ................................................................... C. sp. D 
Segment II without spinule fields on pleura, tergite I with two media-lateral 
spinule fields (Fig. 5.36) ................................................... C. sp. V 
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Figure 4.4. Variation in thoracic horn s on pupae of Cricotopus spp. 
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4.6. Key to larvae of Cricotopus in Australia (see also Fig. 4.5). 
1 - Outer edge of mandible crenulated ................................................ 2 
- - Outer edge of mandible smooth ................................................... 6 
2 - Inner edge of mandible serrated ........................................... C. sp. B 
Inner edge of mandible smooth .................................................... 3 
3 - Mentum with 7 pairs of lateral teeth (Fig. 5.16a) ...................... C. sp. IV 
Men tum with 6 pairs of lateral teeth ............................................... 4 
4 - M~dible above mola narrow, less than 0.15 length of mandible. Mentum 
with apices of 1st lateral teeth level with apex of median tooth (Fig. 5.28) 
5 -
................................................................................. C. sp. C 
Mandible above mola wide, more than 0.15 length of mandible. Mentum 
with apices of 1st lateral teeth posterior to apex of median tooth (Fig. 5.4) 
.................................................................................. C. sp. I 
Mandible above molar narrow, maximum width less than 0.14 length of 
mandible (Fig. 5.35c); only known from Tasmania .................... C. sp. E 
Mandible above mola wide, maximum width more than 0.16 length of 
mandible (Fig. 5.24c); not known from Tasmania ...................... C. sp. B 
6 - Inner edge of mandible smooth (Fig. 5.9) ............................... C. sp. II 
Inner edge of mandible serrated ................................................... 7 
7 - Antenna length more than 90 mm ........................................ C. sp. III 
Antenna length less than 90mm ............................................. . ... . . 8 
8 Antenna Ratio more than 1.69 ............................................. C. sp. D 
Antenna Ratio less than 1.69 ...................................................... 9 
9 - Apical tooth of mandible long, more than 20µm ......................... C. sp. E 
Apical tooth of mandible short, less than 20µm ........... ...... C. annuliventris 
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Figure 4.5. Larvae of Cricotopus spp. 
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Chapter 5 
DIAGNOSIS AND DESCRIPTIONS 
5.1. Introduction. 
Ten species of Cricotopus are described here, although one is only known from 
pupal exuviae. Five species are named I - V, according to the working classification used 
by P. S. Cranston and R. Cook for pupal exuviae collected from the River Murray and its 
tributaries in the Albury-Wodonga region; the remaining species were given the working 
names A - E by the current author. Species A is identical with the previously described 
C. annuliventris. It was considered unwise to give the previously undescribed species 
new formal names until the formal publication of the descriptions, which will not take 
place until after this thesis is completed. Use of code numbers or letters for new species, 
rather than manuscript names, avoids the inadvertant creation of nomina nuda by users of 
this work. Similarly, although two species are recognised as identical with those 
described by Hergstrom ( 197 4) in her unpublished thesis, the adoption of Hergstrom's 
manuscript name of C. albitarsis for C. sp. I, and C. parbicinctus for C. sp III has been 
avoided in this work. 
Descriptions of larvae and pupae are based where-ever possible on reared 
specimens, because of the necessity to have firm associations between larval, pupal and 
adult specimens described in Chapter 1. When insufficient reared specimens were 
available, only those larvae and pupae collected at the same time and place as subsequently 
reared specimens, and then found to be similar to the reared specimens, were used for 
description. 
None of the species described here fit the descriptions of northern hemisphere 
species (Hirvenoja 1973; Ashe and Murray 1980; Lehmann 1981; Nishida 1987; Oliver 
and Dillon 1988); the systematic position of the species is discussed in Section 6.4. 
In the lists of material exan1ined at the beginning of each description, associated 
series of larval exuviae, pupal exuviae and adult obtained by rearing are designated by 
Le/Pe/cf (male series) and Le/Pe/~ (female series). 
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5.2. Diagnosis of the genus Cricotopus in Australia. 
MALE 
Small to medium sized, length 2.76-4.74; wing length 1.50-2.72 mm. Legs and 
abdomen often with pale bands. 
Antenna. 13 flagellomeres and well-developed plume; groove extending from 
flagellomere 3 or 4 to 13; sensillae chaeticae on flagellomeres 2-5 and apex of 13; apex 
without subapical setae. Antenna! Ratio 0.60-1.18. 
Head. Eye hairy with moderate dorsornedial extension. Temporal setation: 0-4 
coronals; 1-3 frontals; 3-12 postoculars. Clypeus sparsely to moderately setose. Palps 
with 5 segments, 1st segment unn1easurable, segments 2-5 becoming progressively 
longer. Tentorium widest in basal half. 
Thorax (Fig. 4.2). Uniform mid-brown; or mid-brown apart from reticulate pattern or 
pale central patch on scutellum; or pale with darker vittae on scutum, postnotum and pre-
episternum, humeral pits absent. Setation: 0-8 lateral antepronotals; 10-28 decumbent 
acrostitials, extending in uneven double row from antepronotum to about 2/3 of way to 
scutellum; 12-37 decurnbent dorsocentrals, extending in uneven double row from above 
parapsidal suture almost to scutellurn, setal pits absent; 0-6 prealars; 6-12 scutellars. 
Wing. Vein R with 1-9 setae; no setae on other veins. Squama with 4-18 setae. 
Wing membrane with fine punctation and no setae. Anal lobe weakly to moderately 
produced. Costa extended or unextended, FCu always beyond r-m. 
Legs (Fig. 4.2). Femora pale or n1id-brown, or mid-brown with proximal half pale. 
Tibiae mid-brown with or without paler band on two or three legs; or pale brown apart 
from proximal small darker patch. Tarsomeres n1id to pale brown. Fore and hind tibiae 
with one spur, mid tibia with two spurs; hind tibia with comb; pseudospurs absent. 
Pulvilli absent. Leg ratios as in Table 5.1 below. 
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Table 5.1. Ratios of leg segments of male Australian Cricotopus. 
Ratio L.R. B.V. S. V. 
Front Leg 0.58-0.77 2.47-3.13 2.31-3.04 
Middle Leg 0.44-0.53 2.77-3.95 3.75-4.40 
Back Leg 0.47-0.63 2.70-3.95 2.85-4.12 
Abdomen (Fig. 4.2). Either all tergites pale or mid-brown, often with paler bands; or 
tergites I and IV very pale, other tergites n1id-brown with or without anterior or posterior 
paler bands. Setation variable. 
Hypopygium (Fig. 4.3). Anal point absent. Virga absent. Superior and median 
volsellae absent. Inferior volsella present, notched or un-notched, rounded or with 
more or less elongated posterior projection. Gonostylus simple with megaseta and with 
or without crista dorsalis. 
FEMALE 
Small to medium sized, length 1.89-4.12 mm. Wing length 1.30-2.70 mm. Legs and 
abdomen often with pale bands. 
Antenna. 5 flagellomeres; sensillae chaeticae on all flagellomeres; sensilla subapicalis 
on flagellomere 5. 
Head. Setation and palps as male. 
Thorax. Colour and setation as male. 
Wing. Vein R or R + R1 with 1-19 setae; vein R 4+5 with 3-15 setae. Squama with 
3-21 setae. Wing membrane with fine punctation and no setae. Anal lobe weakly to 
moderately produced. Costa extended or unextended. 
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Legs. Colour as male. Leg ratios as in Table 5.2. below. 
Table 5.2. Ratios of leg segments of female Australian Cricotopus. 
Ratio L.R. B.V. S. V. 
Fore Leg 0.52-0.73 2.59-3.19 2.56-3.71 
Mid Leg 0.42-0.49 3.15-3.94 4.00-4.72 
Hind Leg 0.54-0.61 2.94-3.55 3.00-3.73 
Abdomen. Colour as male. Setation variable. 
Genitalia (Fig. 4.3). 2 seminal capsules of variable shape; spermathecal ducts straight 
or recurved. 
PUPA 
Small to medium-sized, length 2.5-5.4 mm. Exuviae pale to mid brown, cephalothorax 
usually more pigmented than abdomen. 
Cephalothorax. Frontal setae present and conspicuous on frons dorsal to antenna! 
sheaths, or present and conspicuous or inconspicuous on prefrons ventral to antenna! 
sheaths, or absent. Frontal apotome smooth or slightly rugulose. Ocular field with 2 
postorbitals and no verticals. 
Thorax with 2 median and 2 lateral antepronotals, 2nd lateral antepronotal often much 
reduced; 3 precorneals, long, subequal, arranged in triangular pattern; 4 dorsocentrals 
in 2 pairs; 1 pre-alar. Thoracic horn usually present, sometimes absent: where present 
variable in shape, smooth or covered in pointed or rounded scales, pale or pigmented 
(Fig. 4.4). Dorsum of thorax smooth to moderately rugulose. Wing sheaths smooth, 
without pearls. Lengths of setae as in Table 5.3 . below. 
Table 5.3. Cephalothoracic setation on pupae of Australian Cricotopus . 
Setae Fs Po 1-2 L.aps. M.aps. Pc1-3 Pa Dc1-2 Dc3-4 
Length of 
longest 26-150 20-210 15-90 60-250 110-290 18-100 30-100 30-100 
seta µm 
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Abdomen. Pedes spurii B present on segment II, present or absent on segment III. 
Pedes spurii A present on sternites IV-VI; sometimes present on VII, often much 
reduced. 
Spine pattern variable. Tergite I: spinules usually absent; where present forming one 
narrow posterior field or 2 dorsolateral fields. Tergite II: posterior transverse band of 
hooks of variable width, comprising 2 more or less discrete rows and sometimes a 3rd 
discontinuous row; spinule fields anterior to hook row absent or present, sparse to 
extensive, in 1 or 2 bands. Tergites III-V: 1 deep anterior band of spinules of variable 
shape and size; 1 median band of spinules, spinules directed posteriorly; 1 posterior 
band, often partly or wholly on intersegmental membrane and sometimes continuous 
with median band, and with spinules directed anteriorly; lateral fields of small spinules 
on pleura present and variable or absent; antero-lateral shagreen patches present or 
absent. Tergite VI: 1 anterior band of spinules; 1 posterior band of spinules; lateral 
fields of small spinules on pleura present or absent; antero-lateral and postero-lateral 
shagreen patches present or absent. Tergite VII: spinules present as single median field 
or absent; antero-lateral shagreen patches present or absent. tergite VIII: antero-lateral 
shagreen patches present or absent. Tergite IX: anterior or antero-lateral shagreen 
patches present or absent. 
Stemite I: no spinules or shagreen. Sternite II: anterior field of spinules rarely present, 
usually absent; shagreen patches present and very variable or absent. Stemite III-VII: 
shagreen patches present and very variable. Sternite VIII: anterior median or antero-
lateral shagreen patches present or absent. Sternite IX: no spinules or shagreen. 
Setae of variable number as in Table 5.4 below, and variable lengths: 3 anal macrosetae, 
subequal, 0.04-0.08 length of abdomen, 0.4-0.8 length of anal lobe; D5 seta on tergite 
III sometimes noticeably longer and stouter than D5 setae on tergites II and IV; longest 
lateral setae on segment VIII 0.08-0.33 width of segment. Male genital sack shorter to 
longer than anal lobe. 
Table 5.4. Abdominal setation on pupae of Australian Cricotopus. 
segment I II III IV V VI VII VII IX 
Dorsal setae 4 4 4-5 5 5 5 2-5 1-2 0 
Lateral"'Setae 1 3 3 3 3 3 3 3-5 0 
Ventral setae 0-1 3-4 3-4 3-4 3-4 3-4 3-4 0-1 0 
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LARVA 
Fourth-instar small to medium-sized larva, 2.50-5.60 mm long. 
AnJe~na (Fig. 4.5.). 5-segmented, each segment consecutively shorter or segments 2 
and 3 subequal; Antennal Ratio 1.25-2.00. Ring organ on basal third of segment 1; 
antennal blade bifid, extending at least to base of segment 4 but never beyond apex of 
segment 5; Lauterborn organs present but often indistinct; style extending to base of 
segment 4. 
Labrum. SI bifid, SII-IV simple; chaetae simple; spinulae absent or weak. Pecten 
epipharyngis of three scales, unfused (Figs. 3.6c, d); chaetae mediae simple; chaetulae 
laterales simple; chaetulae basal es simple. U ngula V-shaped with short basal sclerite. 
Premandible with 1 apical tooth and no premandibular brush. 
Mandible (Fig. 4.5.). Outer margin smooth or crenulate, inner margin smooth or with 
4 serrations. Length 1.53-2.44 times length of antenna. Apical tooth never longer than 
combined width of basal 3 teeth. Seta subdentalis present, more or less rounded. Seta 
interna present, multifid, with 5-7 simple branches, longest one basally. 2 
setae dorsalis present, sensillum minusculum present. 
Mentum (Fig. 4.5.). One median and 6, rarely 7, pairs of lateral teeth. Mentum ratio 
0.44-0.79. Ventromental plate narrow; setae submenti present; beard absent. 
Body. Anterior parapods separate, with many claws; claws long and simple at apex of 
parapod, shorter and pectinate towards base of parapod. Posterior parapods separate, 
with apical group of simple claws. Procercus wider than high, sometimes partly 
pigmented, bearing two median setae and 5-7 long anal setae 300-700µm. Two pairs of 
' 
anal tubules. Abdominal segments with simple setae and sometimes 1 pair setal tufts. 
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5.3. Species descriptions. 
5.3.1. Cricotopus sp. I. sp. nov. 
Cricotopus albitibia (Walker 1848 p. 16) sensu Freeman 1961, p. 647 [misidentified]. 
Material examined. Northern Territory; 1 d, Kakadu National Park, near Jabiru, 
Gulungul Creek, 12°39'S, 132°53'E, 11.iv.1989, Cranston; 3 Le/Pe/d, 3 Pe, 2 Le/P, 2 L, 
Ranger Mine, Retention Pond 1 spillway, 12°41'S, 132°55'E, 11.iv.1989, Cranston; 18 L, 
Arnhem Land, East Alligator River, on escarpment, 12°47'S, 133°22'E, 15.iv.1989, 
Cranston: 17 L, 7 Pe, Arnhem Land, East Alligator River, mid/upper river on escarpment, 
29.v.1988, Cranston; 1 d, Kakadu National Park, South Alligator River, Fisher Creek, 
13°33'S, 132°33'E, 18/19.iv.1989, Cranston; 3d, Kakadu National Park, South Alligator 
River, Coronation Hill, Gimbat spillway, 13°34'S, 132°35'E, 18/19.iv.1989, Cranston. 
Queensland: 11 Pe, Carnarvon National Park, Carnarvon Creek, 25°04'S, 148°14'E., 
4/5.vii.1991, Black; 1 Pe, Conondale Range, Stony Creek #2, 26052'S 152°44'E, 
24.v.1990, Cranston; 10 Pe, 1 L, Atkinson Dam, 27006'S, 152027'E., 24/25.vii.1991, 
Cook, Cranston & Hillman; 1 Le/Pe/d, 3Pe/9, 1 Pe, 1 L, Brisbane River, Mount Crosby, 
27032'S, 152047'E. 19.i.1990, Cranston; 1 Le/Pe/9, Brisbane River, Mount Stanley, 
27°32'S, 153029'E. 19.i. 1990, Cranston. New South Wales: 1 9, 1 Pe, Gaya-Dari, 
Upper Clarence River, 28044'S, 152047'S, 20 i 1991, Cranston; 12 Le/Pe/d, Ginninderra 
Falls, 35013'S, 148058E, 6.xii.1987, Cranston; 1 Le/Pe/d, Kosciusko National Park, 
Yarrangobilly River, Yarrangobilly Caves, 35044s, 148029'E, 15.i.1992, Cranston; 5 Pe, 
Albury-Wodonga, Murray River, Noreuil Park, 36005'S, 146056'S, 22.xii.1989, Cook; 8 
Pe, Albury-Wodonga, Causeway, Murray River, 36006'S, 146055'E, 26.ii.1990,Cook; 1 
Le/Pe/d, 14-Pe, Albury-Wodonga, Murray River Stn 6, 36°06'S, 147°0l'E, 17.v.1989, 
Cook; 1 Pe, Albury-Wodonga, Murray River, Waterworks, 36007'S, 146°54'S, 21.xi.1989, 
Cook; 1 9 Jindabyne, Rush's Creek, 36024'S, 148040'S, 12.xii.1987, Cranston. 
Australian Capital Territory: 2 Pe, Canberra, Lake Burley Griffin, Black Mountain 
Peninsular, 35° l 6'S, l 49°07'E, 18 .i.1992, Rosewarne; 7 Pe, Tuggeranong, Isabella Pond, 
West shore, 35°25'S, l 49°06'E, 29 .xii.1991, Rosewarne; 5 Pe, Tuggeranong, Isabella Pond, 
East shore, 35°25'S, 149°06'E, 29.xii.1991, Rosewarne; 5 Pe/d, S Pe, 2 L, Molonglo 
River, Coppins Crossing, 35017'S, 1490Q2'E, 4.ii.1988, Cranston; 1 d, Molonglo River, 
Coppins Crossing, 35017'S, 1490Q2'E 7 xi 1987, Cranston; 3 Le/Pe/d, 3 Le/Pe/9, 1 Pe, 
Molonglo River, Coppins Crossing, 3501 TS, 1490Q2'E, 25.ii.1991, Drayson. Victoria: 
3 9, 41 Pe; House Creek down-stream, 360Q9'S, 146052'S, 19.xii.1989, Cook; 7 Pe, 
Albury-Wodonga, Middle Creek, downstream White's Road, 36°09 'S, 146°57'E, 
20.iii.1990, Cook. South Australia: 2 d , l 9 (Bergstrom's proposed holotype and 
paratypes of "C. albitarsis"), Adelaide, Torrens Lake, 1 O.ii.1970, Bergstrom. 
f 
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Western Australia: 2 cf, 4 Q, 2 Le/Pe/Qs, 20 Pe, 2 L, Walpole-Nornalup National Park, 
Frankland River, circular pool, 34056'S, 116047'E, 21.xi.1990, Cranston; 1 cf, Lake 
Monger, 3.iii.1955, Hodgkin; 2 cf, l Q, 5 L, Lesmurdie Falls, 1.xii.1978, Edward. 
MALE (Fig. 5.1) 
Length. 3.13-3.50 mm; thorax 0.82-1.10 mm, abdomen 2.06-2.40 mm. 
Head. Antenna: length 792-872µm; length flagellomeres 1-12, 320-360µm, length 
flagellomere 13, 456-520µm. A.R. 0.62-0.74. Palp length 338-432µm. Temporal 
setation: no coronals or frontals; 3-5 postoculars. Clypeus sparsely to moderately 
setose. 
Thorax (Fig. 5. la). Scutellun1 sometimes pale brown, almost hyaline, with mid 
brown border; otherwise mid brown, sometimes with reticulate pattern. Other sclerites 
mid to dark brown. Setation: 3-7 lateral antepronotals, 12-25 acrostitials, 20-40 
dorsocentrals, 3-5 pre-alars, 6-12 scutellars. 
Wing (Fig. 5. ld). Length 1.50-1.90 mm; width 0.44-0.51 mn1. Setation: squama, 
4-8; vein R, 0-1. 
Legs (Fig. 5. lc). Femora on all legs uniform mid-brown, or mid brown with paler 
proximal third: tibiae on all legs very pale with distal 1/10 pale to mid brown: tarsomeres 
on front leg mid to pale brown, usually slightly darker than those on other legs; 
tarsomeres on middle and hind legs very pale brown. 
Abdomen (Fig. 5. le). tergites I and IV pale, tergite II mid-brown with pale anterior 
band, tergites V and VII mid-brown with pale posterior bands, other tergites mid to dark 
brown. Setation of tergites III and IV as in Fig. 5.2b. 
Hypopygium (Figs. 5. lf, g, h). Inferior volsella elongated, pointed and curved 
towards posterior. Length of gonocoxite 180-200µm. Gonostylus wide, and blunt 
apically; crista dorsalis absent. Length of gonostylus 74-86µm, about two fifths (0.39-
0.43) length of gonocoxite. 
FEMALE (Fig. 5.2) 
Length 3.13-3.50 mm: thorax 0.92-1.10 mm; abdomen 2.06-2.30 mm. 
Head. Antenna length 234-272µm. Palp length 348-488µm. 
Thorax (Fig. 5.2a). Colour and setation as male. 
Wing (Fig. 5.2d). Length 1.36-2.00 mm; width 0.46-0.61mm. Setation: squama, 3-
10; vein R, 2-6; vein R4+5, 3-6. 
Legs (Fig. 5 .2c ). Colour as male. 
Abdomen (Fig. 5.2e). Colour as male. Setation of tergites III and IV shown in 
Fig .. 5.2b. 
Genitalia (Fig. 5.2f). Seminal capsules mid brown, spheroid, with long, wide 
"neck". Spermathecal ducts straight or recurved. 
PUP A (Fig. 5.3) 
Exuviae pale brown to very pale, almost hyaline; if pale brown may have faint reticulate 
markings on abdomen. Length of exuviae 2.55-4.10 mm; cephalothorax 0.75-1.14 
mm, abdomen 1.80-3.10 mm. 
Cephalothorax. Slightly rugose dorsally. Thoracic horn broad, flattened, hyaline; 
scales absent, but may sometimes have granular appearance; length 130-200µm; width 
36-54µm (Fig. 5.3c). Frontal setae on frons, long and prominent (Fig. 5.3a). 
Abdomen. Pedes spurii B on segments II and III. Pedes spurii A on segments IV, V 
and VI, sometimes present, much reduced, on segment VII. Hook row on tergite II 
about half width of segment (0.45-0.61). Small sparse spinule field present or absent 
anterior to h~ok row on tergite II. Lateral setae on segment VIII short, 3rd lateral no 
more than 1/10 width of segment (0.08-0.10). Anal setae 120-150µm, about 1/20 
(0.042-0.065) length of abdomen. Dorsal setae and spine pattern shown in Fig. 5.3d; 
ventral setae and spine pattern shown in Fig. 5.3e. 
LARVA (Fig. 5.4) 
Length 2.5-4.0 mm. Colour of head capsule very pale to mid brown, with pigmented 
areas sometimes patchy, and with darker posterior margin; abdomen hyaline; procercus 
hyaline, sometimes with mid-brown marking. 
~".;. 
Head. Antenna: length 66-76µm; length of segment 1, 40-46µm; segments 2-5, 26-
30µm; A.R. 1.60-1.85 (Fig. 5.4b). Mandible with smooth inner edge and more or less 
crenulated outer edge, colour pale to mid-brown with distal 1/3 darker; length 130-
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176µm, about twice length of antenna (1.86-2.44) (Fig. 5.4c). Maxilla mid brown. 
Men tum pale brown posteriorly, mid to dark brown anteriorly; 1 median tooth and 6 
pairs lateral teeth, second laterals slightly reduced (Fig. 5.4a); length 58-74µm, width 
104-128µm; Mentum Ratio 0.58-0.71. 
Abdomen. Procercus 14-20µm wide, bearing one short median seta, 25-30µm, one 
long median setae, 50-75µm, and six anal setae, 300-460µm. 
Remarks 
Adults of this species can be distinguished from all other Australian species of 
Cricotopus by the colour pattern of their legs, with dark femora, pale tibiae, and pale 
tarsomeres on middle and hind legs. Pupae can be recognised by the wide, flat, hyaline 
thoracic horn. Larvae cannot be recognised by a single feature, but by a combination of 
mandible with crenulated outer and smooth inner edges, and mentum with 6 pairs of 
lateral teeth and the apices of the first lateral teeth posterior to the apex of the median 
tooth. 
From Freeman's (1961) description of pinned Australian specimens, this species appears 
to be his C. albitibia, although his description differs in having the AR as 1, i.e., well 
outside the range of specimens measured in this study. One male from Lake Monger, 
Western Australia, labelled "Cricotopus albitibia, det. P. Freeman", from the British 
Museum (B.M.1955-478) was available for inspection by the author (slide-mounted by 
P. S. Cranston). This is one of the six male specimens from this location in Freeman's 
description, but fits the description of C. sp. I above, with an AR of 0.67, as does the 
colour pattern of five pinned specin1ens from the same locality also available from the 
A.N.I.C .. 
The type specimen of C. albitibia is from Sierra Leone in west Africa (Walker 1848), but 
the species was redescribed recently by Lehmann (1979) using specimens from east 
Zaire. Lehmann's species differs fron1 that described here in the following points: adult 
leg pattern, with C albitibia having pale bands on all legs; adult thorax pattern, with C 
albitibia having brown vittae or "mesonotal stripes"; pupal thoracic horn, that of C 
albitibia being long and narrow. The larva of C. albitibia is not described. For the 
present study 3 unreared larvae, 1 pharate male, 1 adult male and 3 adult females of C 
albitibia from Ethiopia, collected and identified by Prof. A. Harrison from Cape 
~"' 
Province, South Africa, were examined. The larvae were larger than those described 
above, one having antennae 210n1m long with AR= 2.10, which is outside the range of 
all Australian Cricotopus (1.29-2.00). The single pupa had a hyaline, blade-shaped 
thoracic horn, tapering towards the apex and apparently round in cross-section rather 
52 
than flattened; the hook row on tergite II was 0.71 the width of the segment II, again 
outside the range of all Australian species (0.30-0.63). The adults could not be 
distinguished from those described here, but as none of them had been cleared before 
mounting, several features were not easily visible. It therefore appears that the 
Australian species is not identical to C. albitibia and was misidentified as such by 
Freeman. 
An examination of Bergstron1's proposed holotype and 2 paratypes of "C. albitarsis 
sp.nov"9, now in the A.N.I.C., showed that the legs have pigmented femora, the distal 
ends of the tibiae also are pigmented, and the tarsomeres of the front legs are mid brown 
(as on the species described here), although Bergstrom describes the legs as "all legs 
pale yellow", and in her key says "Tibiae and tarsi completely without dark pigment", 
without mentioning the colour of the femora. She does not describe the pupa and larva. 
Other character states fit this species, and it therefore appears that this species is indeed 
Bergstrom's C. albitarsis. 
9 Herstrom's specimens are labelled "Cricotopus albitarsy_s". However, as the species is always referred 
to in Bergstrom (1974) as "Cricotopus albitarsi_s"; the latter spelling is taken as the intended one. 
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Figure 5.1. Cricotopus sp. I. Adult d. A. pattern of thorax . B. 
tergites III and IV. C. pattern of legs. D. wing. 
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A. mentum. B. antenna. C. mandible. 
5.3.2. Cricotopus sp. II sp. nov. 
Ma~te.rial examined. Northern Territory: 2Pe, Kakadu National Park, South 
Alligator River, Fisher Creek, 13°33'S, 132°33'E, 24.v.1988, Cranston; 1 Pe, Kakadu 
National Park, South Alligator River, Gimbat, Coronation Hill, 13°34'S, 132°35'E, 
24.v.1988, Cranston; 2 Pe, Kakadu National Park, South Alligator River, Coronation 
Hill, 13°35'S, 132°36'E, 4/5.vi.1988, Cranston; 1 Pe, Kakadu National Park, Koolpin 
Creek, 13°35'S, 132°36'E, 4/5.vi.1988, Cranston. Queensland: 18 Pe, Carnarvon 
National Park, Carnarvon Creek, 25°04'S 148° 14'E., 4/5.vii.1991, Black; 4 Pe, 
Conondale Range, Stony Creek #2, 26°52'S 152°44'E, 24.v.1990, Cranston. New 
South Wales: 1 Pe, S.E. Araluen, Deua River, 35°45'S 149°57'E, 29.iii.1988, 
I 
Cranston; 1 Le/Pe/~, Albury-Wodonga, Murray River, Noreuil Park, 36°05 S, 
I I 
146°56E, 22.xii.1989, Cook; 2 Pe, Albury-Wodonga, Murray River Stn 6, 36°06 S, 
147°0l'E 17.v.1989, Cook; 1 d, 23 Pe, Albury-Wodonga, Murray River, Waterworks, 
36°07'S, 146°54'E 21.xi.1989, Cook. Victoria: 6 Pe, Albury-Wodonga, Middle 
Creek, Kiewa Valley Highway, 36°10'S, 146°56'E, 26.ii.1990, Cook; 4 Pe, Albury-
Wodonga, Middle Creek, Street's Road, 36°11 'S, 146°56'E, 26.ii.1990,Cook; 8 Pe, 
Albury-Wodonga, Middle Creek, Beechworth Road, 36°15'S, 146°50'E, 26.ii.1990, 
Cook. 
MALE (Fig. 5.5.) 
n = 1 (pharate) 
Length: thorax unknown; abdomen 2.80 n1m. 
Head. Antenna: length 880µm; length flagellomeres 1-12, 416µm, length flagellomere 
13, 472µm. A.R. 0.88. Palp length unknown. Temporal setation: 2 coronals; 1 
frontal; 5 postoculars. Clypeus moderately setose. 
Thorax. All sclerites mid brown. Setation unknown. 
Wings. Unknown 
Legs. '""Unknown 
Abdomen. tergite I pale, tergite II mid brown with pale anterior band, tergites III-
IV mid-brown with pale anterior and posterior bands, other tergites mid brown. 
Setation of tergites III and IV as in Fig. 5.5b. 
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Hypopygium. Inferior volsella elongate, pointed and curved towards posterior: 
length of gonocoxite 220µm. Gonostylus wide, and blunt apically; crista dorsalis 
absent; length of gonostylus 90µm, about 2/5 (0.41) length of gonocoxite. 
FEMALE (Fig. 5.6.) 
Length 1.89 mm: thorax 0.60 mm; abdomen 1.24 mm. 
Head. Antenna length 269µm. Palp length 3 lOµm. 
Thorax. Colour uniform mid brown. Setation: 3 lateral antepronotals, 12 acrostitials, 
24 dorsocentrals, 3-5 pre-alars, 8 scutellars. 
Wings. Anal lobe weakly produced. Length 1.30 mm; width 0.42mm. Setae: 
squama, unknown (wing torn); vein R, 2; vein R4+5, 2. 
Legs. Femora on all legs mid brown; tibiae on all legs very pale, with distal one tenth 
mid brown; tarsomeres of front leg n1id brown, tarsomeres of middle and hind leg very 
pale. 
Abdomen. Colour as male. Setation of tergites III and IV shown in Fig. 5.6. below. 
Genitalia. Seminal capsules mid brown, ovoid. Spermathecal ducts recurved. 
PUP A (Fig. 5. 7 .) 
Exuviae very pale brown; length of exuviae 2.62-4.30 mm; cephalothorax 0.72-1.20 
mm, abdomen 1.90-3.10 mm. 
Cephalothorax. Very slightly rugose. Thoracic horn short, pointed, hyaline, with 
pointed scales especially distally: length of thoracic horn 64-lOOµm, width 10-18µm: 
thoracic Horn Ratio 4.4-9.0. Setation: frontals on prefrons, short (30-80µm). 
Abdomen. Pedes spurii B on segments II and sometimes much reduced on segment 
III. Pedes spurii A on sternites IV-VI and somewhat reduced on VII. Hook row on 
~~ 
tergite II usually less than half width of segment (0.38-0.53). One, sometimes two 
small sparse spinule fields present anterior to hook row on tergite II. D4 seta on tergite 
III clearly darker, longer and stouter than D4 seta on tergites II and IV. Anal setae 110-
160µm, about one twentieth (0.04-0.07) length of abdomen. Dorsal setae and spine 
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pattern shown in Fig. 5.7d; ventral setae and spine pattern shown in Fig. 5.7e. 
LARVA (Fig. 5.8.) 
Length unknown. Colour of head capsule very pale brown with darker posterior 
margin; abdomen hyaline; procercus hyaline with mid brown patch. 
Head. Antenna: length 68µm; length of segment 1, 42µm; segments 2-5, 26µm; A.R. 
1.62. Mandible with smooth inner edge and smooth outer edge, colour pale to mid-
brown with distal one third darker. Length of n1andible 140µm, about twice length of 
antenna (2.09). Maxilla mid brown. Mentum pale brown posteriorly, mid to dark 
brown anteriorly: 1 median tooth and 6 pairs laterals, second laterals reduced. Length 
of mentum 64µm, width 112µm; Mentum Ratio 1.60. 
Abdomen. Procercus 15µm long, bearing one short median seta 30µ, one long 
median setae 80µm, and six anal setae 500µm. 
Remarks 
Adults of this species can be recognised by the colour pattern of the abdomen. Pupae 
can be recognised by the stout D4 seta on tergite II. Larvae can be recognised by the 
mandible being smooth on both inner and outer edges. 
This does not' key to any of Bergstrom's (1974) species and does not fit any of her 
descriptions: it is therefore proposed as a new species. 
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Cricotopus sp. II. Adult cJ. A. pattern of thorax. B. setation of 
tergites III and IV. C. pattern of abdomen (dorsal). 
D. genitalia. 
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Cricotopus sp. II .. Adult 9. A. pattern of thorax. 
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Cricotopus sp. II. Pupa. A. frons. B. thorax. C. variation of 
thoracic horns. D. abdomen (dorsal). E. abdomen (ventral). 
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Figure 5.8. Cricotopus sp. II. Larva. A. mentum. B. antenna. C . mandible. 
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5.3.3. Cricotopus sp. III. sp. nov. 
Material examined. Queensland: 4 Pe, Conondale Range, Stony Creek #2, 
26052'S, 152044'E, 24.v.1990, Cranston; 1 Pe, Mount Crosby, Brisbane River, 
27032'S, 152047'E. 19.i.1991, Cranston; 1 Pe, Mount Stanley, Brisbane River, 
27032'S, 153029'E. 19 .i.1991, Cranston; 1 Pe, N. W.Brisbane, B undaroo Creek, 
27.ix.1989, Cranston. New South Wales: 1 Le/Pe/d', 1 Pe, Deua River, S.E. 
Araluen, 35045•s, 149057'E, 29.iii.1988, Cranston; 1 Pe, Barrengarry River, Belmore 
Falls, 3403g·s 15Q033'E, 3.iv.1991, Cranston; 3 Pe, Endrick River, 6km N.E. 
Nerriga, 35005•5 15QOQ8'E, 1.ix.1988, Cranston; ld', 1 Pe, Ginninderra Falls, 
35013's, 148058'E, 6.xii.87, Cranston; ld', 1 Le/Pe/d', 2 Le/Pe/9, 3 Pe, lL, 
Sugarloaf Creek, Clyde Mountain, 35033·s, 149058'E, 10.i.1988, Cranston; 3 
Le/Pe/d', 2 Pe, Shoalhaven River, Gundillion, 35035•s, 149037'E, 4.xi.1991, 
Cranston; 19 Pe, Albury-Wodonga, Murray River Stn 6, 360Q6'S, 147°01 'E, 
17.v.1989, Cook; 1 d', 3 Le/pe/d', 3 Le/Pe/Q, 10 Pe, Albury-Wodonga, Murray River, 
Waterworks, 360Q7'S, 146054E, 21.xi.1989, Cook; ld', Jindabyne, Rush's Creek, 
36024'S, 14804Q'E, 12.xii.1987, Cranston; 2 Pe, Kosciusko National Park, Spencer's 
Creek, 1730m, 36026'S, 148022'E, 2.i.1988, Cranston; 1 Pe, Kosciusko National 
Park, Hedley Tarn, 36025'S, 148019'E, 30.xii.1989, Cranston; 3d', 1 Le/Pe/9, 8 Pe, 
Rutherford Creek, Brown Mountain, 36036'S, 14904 7'E, 17 .xii.1990, Cranston; 1 Pe, 
Bugong Road to Kangaroo Valley, xi.1990, Edward. Australian Capital 
Territory: 1 Pe, Canberra, Lake Burley Griffin, Black Mountain Peninsular, 35°16'S, 
149°07'E, 18.i.1992, Rosewarne; 3d', 3 Le/Pe/9, Molonglo River, Coppins Crossing, 
35°17'S, 149°02'E 7 xi 1987, Cranston; 2 Pe, Pierce's Creek, 3502o'S, 148°56'E, 
23,ix.1991, Drayson; 1 Q, 4 Pe, Cotter River, below dam, 35021'S 148°56'E, 
7.xi.1987, Cranston; 2 Pe, Brindabellas, Blundell's Creek, 35022'S 148°50'E, 13-
16.iv.1988, Cranston,; 5 Pe, Tidbinbilla, Tidbinbilla Creek, 35027'S 148°57'E, 
19.ii.1989, Cranston; ld', 19, 4 Pe, Corin Road, Gibraltar Falls, 35028'S 148°55'E, 
28.ix.1990, Drayson; 1 d', 1 Pe, Namadgi National Park, Orroral River, 35°39'S 
148°59'E, 21.ii.1988, Cranston. Victoria: 19, 1 Pe, House Creek up-stream, 
36°10'E, 146052'S, 19.xii.1989, Cook; 1 Pe, lL, 6 Le/Pe/d's 19, 8 Le/Pe/9, 1 Pe, 
Albury-Wodonga, Middle Creek, downstream White's Road, 36°09'E, 146°57'S , 
20.iii.1990, Cook; 1 d', 2 Le/Pe/d', 3 Pe, 1 Le/Pe, Albury-Wodonga, Middle Creek, 
Street's Road, 36011'E, 146056'S, 26.ii.1990, Cook; 1 Pe, Albury-Wodonga, Middle 
~~ -
Creek, Beechworth Road, 36015'E, 14605Q'S, 26.ii.1990, Cook; 19, 1 Pe, 1 Le/Pe, 
Mitta Mitta, Snowy Creek, 36°33'S, 147023'£, 29.i.1988, Cranston; ld', 11 Pe, 1 
Le/Pe, Buckland River, 36°48'S, 146051 'E, 6.xi.1990, Cranston, Cook & Nielsen; 
ld', 2 Pe, Cann River, 37.34S, 149.09E, 20.i.1989, Cranston. 
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Tasmania: 3 Pe, Lake St.Clair National Park, Ranger Hut, Douglas Creek, 41 °50'S 
146002'E, 25.i.1990, Cranston; 1 Pe, Franklin River, Lyall highway crossing, 42012'S 
146002'E, 17.i.1990, Cranston. South Australia: 1 d (Bergstrom's proposed 
holotype of "C. parbicinctus"), Mt Gambier, Leg of Mutton Lake, 26.viii.1969, 
Bergstrom; ld Eric Bonython Reserve, 8.iv.1970, Bergstrom. Western Australia: 
6 Pe, Stirling Range, Bluff Knoll, 34022'S 118° 14'E, 20.xi.1990, Cranston. 
MALE (Fig. 5.9) 
Length. 2.84-3.74 mm; thorax 0.86-1.04 mm, abdomen 1.90-2.90 mm. 
Head. Antenna: length 856-lOOOµm: length flagellomeres 1-12, 336-440µm; 
flagellomere 13, 464-592µm. AR 0.64-0.88. Palp length 352-432µm. Temporal 
setation: 2 coronals; 1 frontal; 9 postoculars. Clypeus sparsely setose. 
Thorax. Uniform mid brown. Setation: 0-4 antepronotals, 11-21 acrostitials, 15-31 
dorsocentrals, 2-4 prealars, 5-12 scutellars. 
Wing. Anal lobe moderately produced. Length 1.76-2.10 mm, width 0.48-0.60 
mm. Setation: squama, 8-15 vein R, 4-5. 
Legs. Tibiae of all legs mid brown with pale ring on proximal third. All femora and 
tarsi mid brown. 
Abdomen. Uniform mid-brown. Setation of tergites III and IV as in Fig.5.9b. 
Hypopygium.' Inferior volsella with posteriorly projecting rounded lobe. Length of 
gonocoxite 190-220µm. Gonostylus narrow apically; crista dorsalis strongly developed 
but without setae and often extren1ely hyaline; length of gonostylus 74-90µm, about 2/5 
(0.36-0.45) length of gonocoxite. 
FEMALE (Fig. 5.10) 
Length 3.40-3.85 mm: thorax 1.00-1.40 mm; abdomen 2.30-2.70 mm. 
Head. ~Antenna; length 325-365µm. Palp; length 472-544µm. Setation as male. 
Thorax. Colour as n1ale. Setation as male. 
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Wing. Length 2.20-2.50 n1m; width 0.56-0.80 mm. Setae: squama, 9-11; vein R and 
R1 7-14, vein R 4+5, 6-15. 
' 
Leg§. . Colour as male. 
Abdomen. Colour as male. Setation of tergites III and IV shown in Fig. 5.1 Ob. 
below. 
Genitalia. Seminal capsules mid brown, spheroid, with narrow "neck". 
Spermathecal ducts recurved. 
PUPA (Fig. 5.11) 
Exuviae pale brown to very pale, almost hyaline. Length of exuviae 3.50-4.60 mm; 
cephalothorax 0.90-1.16 mm, abdomen 2.60-3.30 mm. 
Cephalothorax. Slightly rugose dorsally. Thoracic horn hyaline, cylindrical, 
tapered to point at distal end and covered with sparse pointed scales, especially distally; 
length of thoracic horn 140-230µm; width 7-13µm. Thoracic horn ratio 8.30-12.78. 
Setation: frontal setae absent. 
Abdomen. Pedes spurii B on segment II only. Pedes spurii A on segments IV-VII. 
Hook row on tergite II about one third width of segment (0.0.31-0.38). Lateral setae on 
segment VIII long, 4th lateral about 1/4 width of segment (0.18-0.33). Anal setae less 
than 1/15 total length of abdomen (0.05-0.062). Dorsal setae and spine pattern shown 
in Fig. 5.1 ld: :1entral setae and shagreen shown in Fig. 5.1 le. 
LARVA (Fig. 5.12) 
4th instar larval exuviae. Length 3.5-5.4 mm. Colour of head capsule pale to mid 
brown with mid to dark brown posterior rim; abdomen hyaline; procercus hyaline. 
Head. Antenna: length 90-106µm: length of segment 1, 50-68µm; length of segments 
2-5, 30-34µm; A.R. 1.36-2.00. Mandible with smooth outer edge and serrated inner 
edge; colour pale brown with distal one third mid to dark brown; length 142-170µm, less 
than twice length of antenna (1.53-1.92). Mentum pale brown posteriorly, mid-brown 
anteriorly; 1 median tooth and 6 pairs laterals, second laterals slightly reduced (Fig.A); 
length of mentum 62-95µn1,width 100-140µm; Mentum Ratio 0.44-0.79. 
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Abdomen. Procercus 20-29µm wide, bearing one short median setae 46-56µm, one 
long median seta 120-145µm, and six anal setae 500-600µm. 
Remarks 
Adults of this species can be distinguished from all other Australian species of 
Cricotopus by the pale bands on the tibiae of all legs (this banding is easily visible to the 
naked eye). Pupae cannot be recognised by a single character, but by a combination of 
no PSB on segment III, Hook Row ratio less than 0.38 and absence of spinules on 
tergite IL Larvae cannot be recognised by a single character, but by a combination of 
mandible with smooth outer and serrated inner edges and antenna length more than 
90µm. 
This species appears to be "C. parbicinctus" of Bergstrom (1974), although she 
describes "tergite I, anterior parts of II, III, IV and V yellow in most specimens" and 
describes the larva as having "about 5 serrations on inner surface and with wrinkled 
outer surface". Her proposed holotype, now in the A.N.I.C., has anterior and posterior 
pale bands on tergites II-VI, but tergite I is in fact dark. Two of her proposed paratypes 
have vittae on the thorax and in fact belong to C. sp. IV (see below). 
The name parbicinctus is presumably a mistake for parabicinctus, as Bergstrom states in 
her description "Very similar to bicinctus ... ". However, this species differs from the 
Palaearctic species bicinctus in coloration of thorax and abdomen and shape of genitalia 
of males, absence of PSB on segment III of pupa, and lack of crenulation on outer edge 
of mandible of.larva (Hirvenoja 1973). 
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Cricotopus sp. III .. Adult Q. A. pattern of thorax. 
B. setation of tergites III and IV. C. pattern of legs. 
D. wing. E. pattern of abdomen (dorsal). F. genitalia 
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Figure .5.11. Crico(opus sp. III. Pupa. A. frons. B. thorax. C. variation of 
thoracic horns. D. abdomen (dorsal). E. abdomen (ventral). 
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Figure 5.12. Cricotopus sp. III. Larva. A. mentum. B. antenna. C. mandible. 
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5.3.4. Cricotopus sp. IV. sp. nov. 
Material examined. New South Wales: 2 Pe, Warrumbungles, Shawn's Creek, 
Timor Rock, 31016'S, 149009'E, 15.ix.1989, Cranston, 1 Pe, Endrick River, 6km 
N.E. Nerriga, 35005'S, 150008'E, 1.ix.1988, Cranston; 2 Le/Pe/d, 1 Pe, Shoalhaven 
River, Warri Bridge, 35°21S, 149°44'E, 15.iii.1992, Cranston; 1 Pe, Molonglo River, 
above Captain's Flat, 35035'S, 149028'E, 7.iii.1989, Cranston; 1 Pe, Deua River, SE 
Araluen, 35045'S, 149057'E, 6.ii.1989, Cranston; 2 Pe, Albury-Wodonga, Murray 
River Stn 6, 36006'S, 147°0l'E, 26.vii.1989, Cook; 8 d, 1 Q, 68 Pe, 1 L, Albury-
Wodonga, Murray River, Waterworks, 36007'S, 146054'E, 21.xi.1989, Cook; 2 Pe, 1 
L, Rutherford Creek, Brown Mountain, 36°36'S, 149047'E, 2.x.1989, Cranston. 
Australian Capital Territory: 1 Le/Pe/Q, 15 Pe, Cotter River, Vanity Crossing, 
31020'S, 148054'E, 4.xii.1991, Drayson; 2 Pe, 3 L, Brindabellas, Blundell's Creek, 
35022'S, 148050'E, 13-16.iv.1988, Cranston; 1 d, Brindabellas, Blundell's Creek, 
35022'S, 148050'E, 7.i.1930, Tonnoir (misidentified by Freeman as C. annuliventris); 
1 d, 3 Pe, 3 L, Brindabellas, Blundell's Creek, 35022'S, 148050'E, 13-16.iv.1988, 
Cranston; 1 d, 1 Q, Tidbinbilla, Tidbinbilla Creek, 35027'S, 148057'E, 19.ii.1989, 
Cranston; 1 d, 1 ~' 4 Pe, Corin Road, Gibraltar Falls, 35028'S, 148055'E, 4.xii.1990, 
Drayson 2 d, 1 Le/Pe/~; 5 Pe, Gibraltar Falls, Corin Road, 28.ix.1990, 35°28'S, 
148°55'E, Drayson. Victoria: 1 Pe, Albury-Wodonga, House Creek, downstream, 
36°06'S, 146054'E, 6.ix.1989, Cook; 1 Pe, Albury-Wodonga, House Creek, 
upstream, 36010'S, 146054'E, 6.ix.1989, Cook; 1 Le/Pe/d, 2 Le/Pe/~, Albury-
Wodonga, Middle Creek, downstream White's Road, 36009'S, 146057'E, 24.i.1990, 
Cook; 3 Pe, Albury-Wodonga, Middle Creek, Street's Road, 3601 l'S, 146°56'E, 
26.ii.1990, Cook; 1 Pe, Albury-Wodonga, Middle Creek, Beech worth Road, 36°1 S'S, 
146050'E, 26.ii.1990, Cook; 1 Pe, Upper Tambo River, USWW, 37000'S, 147053'£, 
8.iii.1990, K.Hortle. Tasmania: 1 Pe, Lake St.Clair National Park, Old Pelion Hut, 
Douglas Creek, 41050'S, 146001'E, 25.i.1990, Cranston; 1 Pe/d, Mount Field 
National Park, Tyenna River, 160m a.s.l., 42°41'S, 146°43'E, 6/7.ii.1992, Cranston 
South Australia: 2 d (Bergstrom's proposed paratypes of "C. parbicinctus"), 
Hindmarsh Falls, 4.xi.1970, I.A.Bergstrom. 
MALE (Fig. 5.13.) 
Length 3.25-4.74 mm; thorax 0.90-1.30 mm, abdomen 2.26-3.60 mm. 
Head. Antenna: length 800-1120µm; length of flagellomeres 1-12, 336-440µm; length 
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of flagellomere 13, 440-680µm; A.R. 0.65-0.82. Palp length 415-472µm. Temporal 
setation: 2 coronals; 3 frontals; 7-10 postoculars. Clypeus moderately setose. 
Thorax. Very pale brown with distinctive mid brown vittae on scutum and postnotum. 
Setation: 1-4 lateral antepronotals; 12-21 acrostitials; 17-31 dorsocentrals; 3-5 prealars; 
7-12 scu tellars. 
Wing (n=2). Length 2.60-2.72 mm . Width 0.62-0.64 mm. Setation: squama, 14-
18; vein R, 6-8. Anal lobe moderately produced. 
Legs. Front leg uniform mid-brown; middle and hind legs similar but with proximal 
two thirds of tibiae slightly paler. 
Abdomen. tergites I and IV pale to very pale brown, other tergites mid-brown. 
Setation of tergites III and IV as in Fig.5.13b. 
Hypopygium. Inferior volsella with posteriorly projecting rounded lobe. Length of 
gonocoxite 186-266µm. Gonostylus pointed apically; crista dorsalis strongly 
developed; length of gonostylus 77-106µm, about 2/5 (0.37-0.42) length of gonocoxite. 
FEMALE (Fig. 5.14) 
n = 3 (+ 3 pharate) 
Length 3.98-4.94 mm: thorax 1.06-1.30 mm; abdomen 2.80-3.50 mm. 
Head. Antenna length 340-400µm. Palp length 468-504µm. 
Thorax. Colour and setation as male. 
Wing (n=2). Length 1.82 n1m; width 0.62 mm. Setation: squama unknown; vein R 
and R1 16-30, vein R 4+5 10-12. 
Legs. Colour as male. 
Abdomen. Colour as n1ale. Setation of tergites III aand IV shown in Fig. 5.14b. 
below. 
Genitalia. Seminal capsules mid brown, ovoid , with narrow "neck". Spermathecal 
~-::. 
ducts recurved. 
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PUPA (Fig. 5.15) 
Exuviae pale brown to very pale, almost hyaline, with noticeable dark "muscle scars" on 
tergites. I-VIII. Length of exuviae 3.10-5.00 mm; cephalothorax 1.00-1.40 mm, 
abdomen 2.50-3.60 mm. 
Cephalothorax. Slightly rugose dorsally. Thoracic horn hyaline, flattened, blunt, 
with or without rounded scales, especially distally; length of thoracic horn 80-120µm; 
width 20-40µm; thoracic horn ratio 2.5-4.0. Setation: moderate frontals on prefrons, 
70-140µm . 
Abdomen. Pedes spurii B on segments II and III; PSB on segment III less 
developed. Pedes spurii A on seg1nents IV-VI. Hook row on tergite II about half 
width of segment but very variable (0.30-0.63). Lateral setae on segment VIII short 
(32-80µm), 3rd lateral about 1/10 width of segment (0.08-0.14 ). Anal setae about 1/20 
total length of abdomen (0.42-0.52). Dark muscle scars on tergites II to VII. Dorsal 
setae and spine pattern shown in Fig. 5.15d: ventral setae and shagreen shown in 
Fig. 5.15e 
LARVA (Fig. 5.16) 
4th instar larva (exuviae). Length 3.6 mm. Colour of head capsule pale to mid brown 
with mid to dark brown posterior rim; abdomen hyaline; procercus hyaline, sometimes 
with pale brown marking. 
Head. Antenna: length 74-90µm: length of segment 1, 44-50µm; length of segments 
2-5, 28-36µm; A.R. 1.29-1 .56. Mandible with smooth inner edge and more or less 
crenulated outer edge; colour pale brown with distal one third mid to dark brown. 
Length of mandible 152-182µm, about twice length of antenna ( 1. 90-2.24 ). Men tum 
pale brown posteriorly, mid-brown anteriorly; 1 median tooth and 7 pairs laterals, 
second laterals slightly reduced, 7th laterals much reduced, occasionally absent; length 
66-88µm, width 116-144µm; Mentum Ratio 1.45-1.64. 
Abdomen. Procercus 20-24µm wide, bearing one short median setae 25-40µm, one 
long median seta 80-120µm and six anal setae 440-5 50µm. 
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Remarks 
Adults of this species cannot be distinguished from all other Australian species by a 
singl<; f~ature; they can be distinguished from all species except sp. D by the combination 
of vittae on thorax and pale 1st and 4th tergites. They can only be distinguished from 
sp. D, for which leg pattern is not known, by the pattern of tergal setation which, as 
discussed in Chapter 2, may not be particulary reliable. Pupae are easily recognised by 
the dark muscle scars on all abdominal segments. Larvae can be recognised by the 
presence of a small 7th lateral tooth on the men tum. 
As discussed in the remarks on sp.III, Bergstrom ( 197 4) included specimens of this 
species in her "C. parbicinctus ". There is also one specimen in the A.N.I.C. collection 
which has been identified by Freeman as C. annuliventris but whose thorax, legs and 
abdomen clearly show it to be C. sp IV (see Appendix 7). It is proposed, therefore, that 
this is a new species. 
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Cricotopus sp. IV. Adult cJ. A. pattern of thorax. B. setation 
of tergites III and IV. C. pattern of legs. D. wing. E. pattern 
of abdomen (dorsal). F. genitalia. G. variation of inferior 
volsella. H. variation of gonostylus. 
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Figure 5.14. Cricotopus sp. IV. Adult Q. A. pattern of thorax. 
B. setation of tergites III and IV. C. pattern of legs. 
D. wing. E. pattern of abdomen (dorsal). F. genitalia 
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Figure 5.16. Cricotopus sp. IV. Larva. A. mentum. B. antenna. C. mandible. 
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5.3.5. Cricotopus annuliventris (Skuse). 
Orthocladius annuliventris Skuse, 1889: 255 
Cricotopus annuliventris (Skuse); Freeman, 1961: 646. 
Material examined. New South Wales: 1 d, 2 Le/Pe/d, Sugarloaf Creek, Clyde 
Mountain, 35°33 'S, 149058 1E, 1 O.i.1988, Cranston; 1 Pe, Albury-Wodonga, Murray 
River Stn 6, 36°06'S, 147°0l'E, 17.v.1989, Cook; 2 Pe, Jindabyne, Rush's Creek, 
12.xii.1987, Cranston; 8d, 1 Le/Pe/~, 3 Pe, Rutherford Creek, Brown Mountain, 
36°36'S, 149°4TB, 17 .xii.1990, Cranston. Australian Capital Territory: 2d, 1 
9, Canberra, Black Mountain, 3501TS 149005'E, 29.vii.1989, C.Reid.; 3d, 49, 
Corin Road, Gibraltar Falls, 35°28'S 148055'E, 29.x.1990, Drayson. Victoria: 1 
Pe, Albury-Wodonga, House Creek up-stream, 36010'S, 146052'E, 19.xii.1989, 
Cook; 1 Pe, Mitta River, 10km E. Mitta, 36032'E, 147025'S, 30.x.1989, Cook. 
South Australia: 1 d, 4 L, Cox Creek, Bonython Road, 29 .ix.1989, C.Madden; 
l d, 2 L, Piccadilly Valley, Vince Creek, 29 .ix.1989, C.Madden. 
MALE (Fig. 5.17) 
Length. 2.82-4.17 mm; thorax 0.86-1.20 mm, abdomen 1.90-2.95 mm. 
Head. Antenna: length 832-1088µm; length flagellomeres 1-12, 392-480µm; length 
flagellomere 13, 416-448µm. A.R. 0.84-1.09. Palp length 424-592µm. Temporal 
setation: no coronals; 2 frontals; 6-10 postoculars. 
Thorax. Uniform n1id to dark brown. Setation: 1-5 antepronotals, 15-28 
acrostitials, 18-25 dorsocentrals, 2-4 prealars, 6-10 scutellars. 
Wings. Length 2.00-2.70 n1m; width 0.50-0.70 mm. Setation: squama, 7-15; vein 
R, 2-9. 
Legs. Femora mid brown: tibiae of fore and mid legs with white ring on proximal 
third. Distal two-thirds of front and mid tibiae, all of rear tibia and all tarsomeres mid 
brown. 
Abdomen. tergite 1 very pale; broad anterior pale bands on tergites II,IV,V, and VI, 
not III ; narrow posterior pale bands on tergites IV, V, and VI ; otherwise mid to dark 
brown. Setation of tergites III and IV as in Fig.5.17b. 
8 1 
Hypopygium. Inferior volsella rounded and usually notched posteriorly. Length of 
gonocoxite 180-250µm. Crista dorsalis strongly developed but without setae and often 
extremely hyaline. Length of gonostylus 66-lOOµm, about 2/5 length of gonocoxite 
(0.35-0.45). 
FEMALE (Fig. 5.18) 
n = 6 
Length 4.12-4.30 mm: thorax 1.10-1.38 mm; abdomen 2.80-2.90 mm. 
Head. Antenna length 337-428µm. Palp length 544-644µm. 
Thorax. Colour as male. Setation as male 
Wing. Colour as male. Length 2.00-2.70 mm; width 0.50-0.70 mm. Setae: squama 
8-13; vein Rand R1, 17-19; vein R4+5 13-15. 
' 
Legs. Colour as male. 
Abdomen. Colour as male. Setation of tergites III and IV shown in Fig. 5.18b. 
below. 
Genitalia. Seminal capsules mid brown, spheroid, with very narrow "neck". 
Spermathecal ducts recurved. 
PUPA (Fig. 5.19) 
Exuviae pale brown to very pale, ahnost hyaline. Length of exuviae 3.50-4.70 mm; 
cephalothorax 0.90-1.16 mm, abdon1en 2.60-3.60 mm. 
Cephalothorax. Slightly rugose dorsally. Thoracic horn hyaline, cylindrical, 
tapered to point at distal end and covered with sparse scales, especially distally. Length 
of thoracic horn 56-114µm; width 18-26µm. Thoracic horn ratio 3.1-6.3. Setation: no 
frontals. 
Abdomen. Pedes spurii B on segment II and sometimes much reduced on segment III. 
Pedes spurii A on segments 4, 5 and 6. Hook row on tergite II always less than half 
width of segment (0.35-0.47). Lateral setae on segment VIII long, 4th lateral about 1/4 
width of segment (0.22-0.31). Anal macrosetae 80-96µm, less than 1/12 total length of 
abdomen (0.06-0.08). Dorsal setae, spine and spinule pattern shown in Fig. 5.19d: 
82 
I 
,I 
11 
ventral setae and shagreen shown in Fig. 19e 
LARVA (Fig. 5.20) 
n = 9 
Length 3.5-5.4 mm. Colour of head capsule pale to mid brown with mid to dark brown 
posterior rim; abdomen hyaline; procercus usually hyaline, sometimes with pale brown 
marking. 
Head. Antenna: length 72-86µm; length of segment 1, 42-52µm; segments 2-5, 28-
34µm; A.R. 1.40-1.64. Mandible with smooth outer edge and serrated inner edge, 
colour pale brown with distal one third mid to dark brown; length of mandible 144-
160µm, about twice length of antenna (1.81-2.16). Mentum pale brown basally, mid-
brown distally: 1 median tooth and 6 pairs laterals, second laterals slightly reduced; 
length 70-80µm, width 120µm; Mentum Ratio 0.58-0.66. 
Abdomen. Procercus 18-28µm wide bearing one short median seta, 35-50µm, one 
long median seta, 60-120µm and six anal setae, 560-700µm. 
Remarks 
Adults of this species can be distinguished from all other species by the pale bands on 
front and middle tibiae only, and by pale bands on tergites II, IV and V, not III. Pupae 
can be recognised by the medio-lateral spinule fields on tergite I. Larvae cannot be 
recognised by a single character, but by a combination of mandible with smooth outer 
and serrated inner edges, antenna length less than 90µm, and AR less than 1.64. 
The specimens described above fit perfectly the descriptions of Freeman (1961) and 
Hergstrom (1974). 
83 
.... 
A 
D 
E 
Figure 5.17. 
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Cricotopus annuliventris. Adult d. 
B. setation of tergites III and IV. 
E. pattern of abdomen (dorsal). 
\ 
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lOOµm 
G 
H 
A. pattern of thorax. 
C. pattern of legs. D. wing. 
F. genitalia. G. variation of 
inferior volsella. H. variation of gonostylus. 
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Figure 5.18. 
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Cricotopus annuliventris .. Adult ~. A. pattern of thorax. 
B. setation of tergi tes III and IV. C. pattern of legs. 
D. wing. E. pattern of abdomen (dorsal). F. genitalia 
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Figure 5.19. Cricotopus annuliventris. Pupa. A. frons. B. thorax. C. 
variation of thoracic horns. D. abdomen (dorsal). E. abdomen 
(ventral). 
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Figure 5.20. Cricotopus annuliventris. Larva. A. mentum. B. antenna. 
C. mandible. 
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5.3.6. Cricotopus sp.B. sp. nov. 
Mate~rial examined. New South Wales: 1 Le/Pe/d', 3 Le/Pe/Q, 2 Pe, 6 Le/Pe, 
Jindabyne, Rush's Creek, 36°24'S, 148°40'E, 12.xii.1987, Cranston. Australian 
Capital Territory: 1 Le/Pe/Q, Pierce's Creek, Concrete Crossing, 35°20'S, 
148°56'E, 23.i.1991, Drayson, 1 Q, Corin Road, Gibraltar Falls, 35°28'S, 148°55'E, 
28.ix.1990, Drayson. Victoria: 1 Le/Pe, Buckland River, 36°48'S, 146°51 'E, 
6.xi.1990, Cook; 1 Le/Pe/d', Buckland River, 36°48'S, 146°51'E, 6.xi.1990, 
Cranston, Cook & Nielsen; 1 Pe, Cann River, 37°34'S, 149°09'E, 20.i.1989, 
Cranston; 
MALE (Fig. 5.21) 
n = 2 
Length. 3.05-3.09 mm; thorax 0.96-1.00 n1m, abdomen 2.00 mm. 
Head. Antenna: length 792-864µm; flagellomeres 1-12, 340-424µm; flagellomere 13, 
432-440µm. A.R. 0.83-0.96. Palp length 432-376µm. Temporal setation: no 
coronals; 1-2 frontals; 10-13 postoculars. Clypeus sparsely setose. 
Thorax. Scutellum sometimes pale brown, almost hyaline, with mid brown border, 
otherwise mid brown. All other sclerites mid-brown. Setation: 4-8 lateral 
antepronotals, 22-32 acrostitials, 17-22 dorsocentrals, 3-6 prealars, 8-12 scutellars. 
Wing. Length 2.0 mm (n=l); width 0.54 mm (n=l). Setation: squama, 7-13; vein 
R, 7. 
Legs. All segments on all legs uniform mid-brown. 
Abdomen. Uniform mid to pale brown. Setation of tergites III and IV as in Fig. 
5.21b below. 
Hypopygi um. Inferior vol sell a rounded and notched posteriorly. Length of 
gonocoxite 178µm (n=l). Gonostylus narrow apically; crista dorsalis strongly 
develope~a. Length of gonostylus 76µm (n=l), about two fifths (0.43) length of 
gonocoxite. 
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FEMALE (Fig. 5.22) 
n = 2 + 3 (pharate) 
Lengt]1 J07-4.68 mm: thorax 1.00-1.34 mm; abdomen 1.90-3.20 mm. 
Head. Antenna length 320-355µm. Palp length 400-420µm. 
Thorax. Colour as male. Setation as male. 
Wing. Length 1.80-2.60 mm; width 0.54-0.66mm. Setation: squama 6-10; vein R, 
12-13; vein R 4+5, 8-15. 
Legs. Colour as male. 
Abdomen. Colour as male. Setation of tergites III and IV shown in Fig. 5.22b 
below. 
Genitalia. Seminal capsules mid brown, ovoid, with narrow "neck". Spermathecal 
ducts straight or recurved. 
PUPA (Fig. 5.23) 
Exuviae pale brown to very pale, almost hyaline. Length of exuviae 3.50-4.37 mm; 
cephalothorax 0.90-1.20 mn1, abdomen 2.50-3.70 mm. 
Cephalothorax. Slightly rugose. Thoracic horn absent. Setation: no frontals. 
Abdomen. Pe'des spurii B on segment II only. Pedes spurii A on segments IV-VII 
Hook row never more than half width of segment (0.38-0.50). Lateral setae on 
segment VIII long, 4th lateral at least 1/7 width of segment (0.14-0.22). Anal 
macrosetae 140-180µm, less than 1/15 length of abdomen (0.048-0.064). Dorsal setae 
and spine pattern shown in Fig. 5.23c: ventral setae and spine pattern shown in Fig. 
5.23d. 
LARVA (Fig. 5.24) 
n = 9 
4th instar larva (exuviae). Length 2.8 -3.8 m111. Colour of head capsule pale to mid 
brown, abdomen hyaline. 
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Head. Antenna: length 68-80µm: length of segn1ent 1, 44-52µm; segments 2-5, 22-
30µm; A.R. 1.60-1.85. Mandible with serrated inner edge and crenulated outer edge, 
dark brown with distal one third very dark brown; length of mandible 152-174µm, 
always more than twice length of antenna (2.00-2.36). Maxilla mid to dark brown. 
Mentum pale brown posteriorly, mid-brown anteriorly: 1 median tooth and 6 pairs 
laterals, second laterals much reduced; length 78-86µm, width 124- l 36µm; Mentum 
Ratio 0.59-0.65. 
Abdomen. Procercus 15-22µm wide, bearing one long median setae 95-1 lOµm, one 
short median seta 40-50µm and six anal setae, length 540-650µm. 
Remarks 
Adult males of this species cannot be distinguished from all other Australian species of 
Cricotopus by a single character, but can be recognised by the combination of uniformly 
dark coloured abdomen and legs and notched inferior volsella: females can be recognised 
by a combination of uniformly dark tergites and legs and round seminal capsules. 
Pupae can be recognised by the absence of thoracic horns. Larvae can be recognised by 
the mandible having a crenulated outer edge, serrated inner edge, and being wide above 
the mola. 
This species is not any of those described fron1 South Australia by Bergstrom (1974), 
and is therefore proposed as a new species. 
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Figure 5.21. 
B C 
,< ,< ,< ,, ' 
lOOµm 
G 
H 
lOOµm 
Cricotopus sp. B .. Adult d. . A. pattern of thorax. B. setation 
of tergites III and IV. C. pattern of legs. D. wing. E. pattern 
of abdomen (dorsal). F. genitalia. G. variation of inferior 
volsella. H. variation of gonostylus. 
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Figure 5.22. 
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Cricotopus sp. B. Adult ~. A. pattern of thorax. 
B. setation of tergites III and IV. C. pattern of legs. 
D. wing. E. pattern of abdomen (dorsal). F. genitalia 
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Cricotopus sp. B. Pupa. A. frons. 
(dorsal). D. abdomen (ventral). 
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Figure 5.24. Cricotopus sp. B. Larva. A. mentum. B. antenna. 
C. mandible. 
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5.3.7. Cricotopus sp. C sp. nov. 
Material examined. New South Wales: 4 Pe, Warrumbungles, Shawn's Creek, 
Timor Rock, 31.16S 149 .09E, 15.ix.1989, Cranston; 2 Pe, Rutherford Creek, Brown 
Mountain, 36.36S 149.47E, 16.x. 1990, Cranston. Australian Capital Territory: 
4 Pe, Corin Road, Gibraltar Falls, 35.28S 148.55E, 25.viii.1989, Cranston; 1 Le/Pe/cf, 
1 Pe/cf, 2 Pe/~, 2 Le/Pe/~, 6 Pe, 1 Le/Pe, Pierce's Creek, Concrete Crossing, 35.20S 
148.56E, 23.ix.1991, Dray son. Victoria: 1 Pe, Big River, Omeo Highway, 36.54S 
147.27E, 26.i.1989, Cranston. 
MALE (Fig. 5.25) 
n = 2 
Length. 3.91-4.26 mm; thorax 1.14-1.20 mm, abdomen 2.60-3.00 mm. 
Head. Antenna: length 1080-1128µm; length flagellomeres 1-12, 460-480µm, length 
flagellomere 13, 600-648µm; A.R. 1.25-1. 35. Palp length 364-456 µm. Temporal 
setation: no coronals; 3 frontals; 4 postoculars. Clypeus moderately setose. 
Thorax. Scutellum pale brown, almost hyaline, with mid brown border. Other 
sclerites very pale brown with distinctive mid brown vittae on scutum and postnotum. 
Setation: 3-6 lateral antepronotals; 17-19 acrostitials, 11-15 dorsocentrals, 4-5 pre-
alars, 12-14 scutellars. 
Wing. Length 2.60 mm, width 0.67 mm (n=l). Setation: squama, 9-10; vein R, 7-
8. 
Legs. All segments of all legs uniform mid-brown. 
Abdomen. All tergites brown. Setation of tergites III and IV as in Fig. 5.25b. 
Hypopygium. Inferior volsella rounded, with or without posterior notch. Length of 
gonocoxite 220-230µm. Gonostylus with crista dorsalis strongly developed. Length 
of gonostylus 86-94µm, about 2/5 (0.39-0.41) length of gonocoxite. 
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FEMALE (Fig. 5.26) 
n = 4 
Length ·2.92-4.12 mm: thorax 0.84-1.20 mm; abdomen 2.00-2.80 mm. 
Head. Antenna length 321-370 µm. Palp length 352-480µm. Setation as male. 
Thorax. Colour as male. Setation: 3-6 lateral antepronotals; 19-23 acrostitials, 10-16 
dorsocentrals, 3-4 pre-alars, 12-13 scutellars. 
Wing (n=3) (Fig. 5.26. ?). Length 1.80-2.70 mm; width 0.56-0.84 mm. Setation: 
squama, 3-10; vein R + R1, 12-22; vein R4+5, 10-14. 
Legs. Colour as male. 
Abdomen. Colour as male. Setation of tergites III and IV shown in Fig. 5.26b 
below. 
Genitalia. Seminal capsules mid brown, reniform, with wide "neck". Spermathecal 
ducts straight or recurved. 
PUPA (Fig. 5.27) 
Exuviae pale to mid brown, with clear reticulate pattern on abdomen. Length of exuviae 
3.34-4.72 mm; cephalothorax 0.96-1.35 mn1, abdomen 2.38-3.38 mm. 
Cephalothorax'. Moderately rugose dorsally. Thoracic horn clearly pigmented mid-
brown, tear-shaped and covered with pointed scales, especially distally; length 140-
216µm; width 50-68µm; thoracic horn ratio 2.7-3.3. Setation: conspicuous frontals on 
prefrons, 90-150µm. 
Abdomen. Pedes spurii B on segments II and III; PSB on segment III reduced. 
Pedes spurii A on segments IV, V and VI. Hook row on tergite II never more than half 
width of segment (0.34-0.46). Antero-lateral spinule fields on tergite II. Lateral setae 
on segment VIII short (32-80µ111), 3rd lateral usually less than 1/10 width of segment 
(0.08-0.16). Anal macrosetae 120-180 µm, less than 1/15 length of abdomen (0.047-
0.063). Dorsal setae and spine pattern shown in Fig. 5.27d. Well developed spinules 
on sternites II and III; ventral setae and shagreen shown in Fig. 5.27e. 
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LARVA (Fig. 5.28) 
n = 4 
4th instar larva (exuviae). Length 4.60-4.80 mm. Colour of head capsule very pale to 
mid brown with darker posterior margin; abdomen hyaline; procercus hyaline. 
Head. Antenna: length 72-78µm; length of segment 1, 44-46µm; segments 2-5, 28-
32µm; A.R. 1.43-1.57. Mandible with smooth inner edge and more or less crenulated 
outer edge, colour mid-brown with distal one third dark brown; length 136-148µm, less 
than twice length of antenna (1.89-1.90). Maxilla mid brown. Mentum pale brown 
posteriorly, mid brown anteriorly: 1 median tooth and 6 pairs laterals, first laterals large, 
second laterals slightly reduced (Fig.5.28); length 70-74µm, width 100 µm; Mentun1 
Ratio 0. 70-0. 7 4. 
Abdomen. Procercus 14-20µm wide, bearing one short median seta, 35-40µm, one 
long median setae, 90-100 µm, and six anal setae, 530-560µm. 
Remarks 
Adult males of this species can be distinguished from other Australian species of 
Cricotopus by the combination of uniformly dark legs and abdomen and posteriorly 
projecting inferior volsella. Females can be recognised by uniformly dark 
legs and abdomen and elongated seminal capsules. Pupae can be recognised by the 
large, scaly, pigmented thoracic horns and reticulate pattern on abdomen. Larvae can be 
recognised by the first pair of lateral teeth of the mentum being level with the median 
tooth. 
This species is similar in colour and pattern to C. phaeosomatus described by Hergstrom 
(1974). However it differs in having the AR of adult males much greater than the 0.53 
described by Bergstrom, and confirmed on Bergstrom's proposed holotype by the 
present author (n. b. Bergstrom used Birvenoja 's AR, which is the inverse of the AR 
used here: the AR in her description is 1.83, which has been inverted here to 0.53). It 
is therefore proposed that this is a new species. 
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Cricotopus sp. C. Adult cf. A. pattern of thorax. B. setation 
of tergites III and IV. C. pattern of legs. D. wing. E. pattern 
of abdomen (dorsal). F. genitalia. G . variation of inferior 
volsella. H. variation of gonostylus. 
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Figure 5.26. Cricotopus sp. C. Adult 9. A. pattern of thorax. 
B. setation of tergites III and IV. C. pattern of legs. 
D. wing. E. pattern of abdomen (dorsal). F. genitalia 
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Figure 5.27. Cricotopus sp. C. Pupa. A. frons. B. thorax. C. variation of 
thoracic horns. D. abdomen (dorsal). E. abdomen (ventral). 
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Figure 5.28. Cricotopus sp. C. Larva. A. mentum. B. antenna. C. mandible. 
5.3.8. Cricotopus sp. D. sp. nov. 
Material examined. Australian Capital Territory: 1 cf', 3 Pe/cf', 2 '¥, 2 Pe/'¥, 
27 Pe, 5 L, 2 Le/P, Corin Road, Gibraltar Falls, 35°28'S 148°55'E, 23.ix.1991, 
Drayson. 
MALE (Fig. 5.29) 
n = 1 + 3 (pharate) 
Length 2.76-3.34 mm; thorax 0.78-0.90 mm, abdomen 1.90-2.34mm. 
Head. Antenna: length 680-7 44µm; length flagellomeres 1-12, 400-424µm, length 
flagellomere 13, 280-328µm; A.R. 0.70-0.80. Palp length 308-324 µm. Temporal 
setation: no coronals; 2 frontals; 3 postoculars. Clypeus moderately setose. 
Thorax. Very pale brown with distinctive mid brown vittae on scutum and postnotum. 
Setation: 4-7 lateral antepronotals; 12-17 acrostitials, 12-15 dorsocentrals, 2-4 pre-
alars, 7-12 scutellars. 
Wing. Length 1.80 mm, width 0.50 mm (n=l). Setation: squama, 3-5; vein R, 3-5. 
Legs. Unknown. 
Abdomen. tergites I and IV very pale; broad anterior pale band on tergite II; 
' 
otherwise mid to dark brown. Setation of tergites III and IV as in Fig. 5.29b. 
Hypopygium. Inferior volsella elongated, pointed and curved towards posterior. 
Length of gonocoxite 170-200µm. Gonostylus with crista dorsalis strongly developed. 
Length of gonostylus 70-80µm, about 2/5 (0.38-0.41) length of gonocoxite. 
FEMALE (Fig. 5.30) 
n = 4 (pharate) 
Length 3.36-3.65 mn1: thorax 0.98-1.04 mm; abdomen 2.00-2.50 mm. 
Head. Antenna length 301-316 µm. Palp length 382-394µm. Setation as male. 
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Thorax. Colour as male. Setation: 5-7 lateral antepronotals; 12-23 acrostitials, 12-22 
dorsocentrals, 4-6 pre-alars, 8-10 scutellars. 
Wing. Length 1.90-2.00 mm; width 0.56-0.60 mm (n=2). Setation: squama, 2-5; 
vein R~+R1, 10-19; vein R4+5, 8-11. 
Legs. Unknown 
Abdomen. Colour as male. Setation of tergites III and IV shown in Fig. 5.30b. 
below. 
Genitalia. 
recurved. 
Seminal capsules ovoid with narrow "neck". Spermathecal ducts 
PUPA (Fig. 5.31) 
Exuviae pale to mid brown. Length of exuviae 2.92-5.40 mm; cephalothorax 0.84-1.35 
mm, abdomen 2.08-4.30 mm. 
Cephalothorax. Moderately rugose dorsally. Thoracic horn hyaline, very variable 
in shape, with or without apical scales. Length of thoracic horn 26-lOOµm; width 14-
24µm. Thoracic horn ratio 1.5-5.6. Frontal setae present on frons, 25-60µm. 
Abdomen. Pedes spurii B on segn1ents II and much reduced on segment III. Pedes 
spurii A on segments IV, V and VI. Hook row on tergite II about half width of segment 
(0.42-0.56). Spinule fields present on tergite I and anterior to hook row on tergite II. 
Spinule fields present on pleura of segments II-V. Lateral setae on segment VIII 
' 
moderate (56-80µm), 3rd lateral usually less than 1/5 width of segment (0.12-0.20). 
Anal macrosetae 110-220µm, less than 1/15 length of abdomen (0.05-0.06). Dorsal 
setae and spine pattern shown in Fig. 5.3 ld. Extensive shagreen on sternites II and III; 
ventral setae and shagreen shown in Fig. 5.3 le. 
LARVA (Fig. 5.32) 
n = 7 
4th ins tar larva (exuviae). Length 4.87-7 .20 mm. Colour of head capsule very pale to 
mid brown with darker posterior margin; abdomen hyaline; procercus hyaline with mid 
brown marking. 
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Head. Antenna: length 75-86µm; length of segment 1, 46-Slµm; segments 2-5, 28-
35µm; A.R. 1.69-1.81. Mandible with serrated inner edge and smooth outer edge, 
colour mid-brown with distal one third dark brown; length 158-168µm, more than twice 
length of antenna (2.01-2.08). Maxilla mid brown. Mentum pale brown posteriorly, 
mid brown anteriorly; 1 median tooth and 6 pairs laterals, first laterals large, second 
laterals slightly reduced; length 71-74µm, width 148-161 µm; Mentum Ratio 0.50-0.59. 
Abdomen. Procercus 25-3 lµm long, bearing one short median seta, 33-39µm, one 
long median setae, 106-120 µm, and six anal setae, 470-600µm. 
Remarks 
Adults of this species can be distinguished from all species except sp.IV by the 
combination of vittae on thorax and pale 1st and 4th tergites; the leg pattern of this 
species is not known, and at present they can only be distinguished from sp.IV by the 
pattern of tergal setation; as discussed in Chapter 2, this character may not be particulary 
reliable. Pupae can be recognised by the combination of spinule fields on tergites I and 
II and small thoracic horn. Larvae can be recognised by the mandible having a smooth 
outer edge, serrated inner edge, antenna length less than 90 mm and AR more than 1.65. 
As for sp. C, this species is similar in colour and pattern to "C. phaeosomatus" described 
by Bergstrom (1974), but also differs in having the AR of adult males much greater than 
the 0.53 described by Bergstrom (and confirmed by the present author; see remarks on 
sp. C in Section 5.3.7)). It is therefore proposed that this is a new species. 
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Cricotopus sp. D .. Adult d. A. pattern of thorax. B. setation 
of tergites III and IV. C pattern of abdomen (dorsal). D. 
genitalia. E. variation of inferior volsella. 
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Figure 5.30. 
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Cricotopus sp. D. Adult 9. A. pattern of thorax. 
B. setation of tergites III and IV. C. wing. D. pattern of 
abdomen (dorsal). E. genitalia 
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Figure 5.31. Cricotopus sp. D. Pupa. A. frons. B. thorax. C. variation of 
thoracic horns. D. abdomen (dorsal). E. abdomen (ventral). 
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Cricotopus sp. D. Larva. A. mentum. B. antenna. C. mandible. 
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5.3.9. Cricotopus sp. E. sp. nov. 
Material examined. Tasmania: 3 Pe, Lake St.Clair National Park, Ranger Hut, 
Douglas Creek, 41 °SO'S 146°02'E, 25.i.1990, Cranston; 1 d, 10 Pe, 4 L; Mt.Field 
National Park, Rodway Hut, 1200m. 42°41 'S 146°34'E, 3.ii.1992, Cranston. 
FEMALE unknown 
MALE (Fig. 5.33). 
Length 4.20 mm; thorax 1.12 mm, abdomen 2. 96 mm. 
Head. Antenna: length 960 µm; length flagellomeres 1-12, 440 µm, length 
flagellomere 13, 520 µm; A.R. 1.18. Palp length 490 µm. Temporal setation: no 
coronals; no frontals; 8 postoculars. Clypeus sparsely setose. 
Thorax. Uniform mid brown. Setation: 3 lateral antepronotals; 23 acrostitials, 15 
dorsocentrals, 3 pre-alars, 7 scutellars. 
Wing. Length 2.38 mm, width 0.62 mm. Setation: squama, 8; vein R, 8. 
Legs. All legs very pale brown with small dark patch on proximal end of tibia. 
Abdomen. tergites I and IV very pale; broad anterior pale band on tergite II; 
otherwise mid to dark brown. Setation of tergites III and IV as in Fig. 5.35b. 
Hypopygium . Inferior volsella rounded. Length of gonocoxite 248µm. 
Gonostylus with crista dorsalis moderately developed. Length of gonostylus 90µm, 
0.36 length of gonocoxite. 
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PUPA (Fig. 5.34) 
Exuviae pale to mid brown. Length of exuviae 3.50-4.14 mm; cephalothorax 1.00-1.24 
mm, abdomen 2.50-3.40 mm. 
Cephalothorax. Moderately rugose dorsally. Thoracic horn hyaline to pale brown, 
very variable in shape (see Fig. Aa), with or without apical scales. Length of thoracic 
horn 14-80 µm; width 10-16 µm. Thoracic horn ratio 1.4-6.7. Frontal setae absent. 
Abdomen. Pedes spurii Bon segments II only. Pedes spurii A on segments IV-VII. 
Tergite II with hook row less than half width of segment (0.27-0.44 ); narrow sparse 
spinule field anterior to hook row; two medic-lateral spinule fields usually present, 
sometimes absent. Segment VIII with 5 prominent lateral setae (100-160µm), 4th 
lateral always more than 1/4 width of segment (0.27-0.33). Anal macrosetae 160-
200µm, less than 1/12 length of abdomen (0.06-0.07). Dorsal setae and spine pattern 
shown in Fig. 5.34d; ventral setae and shagreen shown in Fig. 5.34e. 
LARVA (Fig. 5.35) 
n = 4 
4th instar larva (exuviae). Length 4.20-5.60 mm. Colour of head capsule mid brown 
with dark brown posterior margin; abdomen hyaline; procercus hyaline with mid brown 
marking. 
Head. Antenna: length 72-90µm; length of segment 1, 40-54µm; segments 2-5, 32-
36µm; A.R. 1.25-1.69. Mandible with serrated inner edge and smooth outer edge, 
colour mid-brown with distal one third dark brown; length 156-180µm, about twice 
length of antenna (1.98-2.18). Maxilla mid brown. Mentum mid brown; 1 median 
tooth and 6 pairs laterals, second laterals slightly reduced; length 72-84µm, width 112-
148 µm; Mentum Ratio 0.55-0.66. 
Abdomen. Procercus 22-27µm long, bearing one short median seta, 30-34µm, one 
long median setae, 180-230 µm, and six anal setae, 500-530 µm. 
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Remarks 
Adult males of this species can be distinguished from those of other species by their pale 
legs a~d _large AR. Pupae can be recognised by the spinule fields on tergite II and 5 
long lateral setae on segment VIII. Larvae can be recognised by the mandible having a 
smooth outer edge, serrated inner edge, and being narrow above the mola (width above 
mola/length of mandible less than 0.14). 
This species is also similar in colour and pattern to C. phaeosomatus described by 
Hergstrom (1974), but also differs in having the A.R. of adult males much greater than 
the 0.53 described by Hergstrom (and confirmed by the present author). It is therefore 
proposed that this is a new species. 
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Figure 5.33. 
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Cricotopus sp. E. Adult d. A. pattern of thorax. B. setation of 
tergites III and IV. C. pattern of legs. D wing. E pattern of 
abdomen (dorsal). F. genitalia. 
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Figure 5.34. Cricotopus sp. E. Pupa. A. frons. B. thorax. C. variation of 
thoracic horns. D. abdomen (dorsal). E. abdomen (ventral). 
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Figure 5.35. Cricotopus sp. E. Larva. A. mentum. B. antenna. C. mandi ble. 
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5.3.10. Cricotopus sp.V 
Mater1al examined. Victoria: 1 Pe, Albury-Wodonga, House Creek up-stream, 
36°10'S, 146°52'E, 19.xii.1989, Cook; 1 Pe, Albury-Wodonga, Middle Creek, 
Street's Road, 36°11 'S, 146°56'E, 26.ii.1990, Cook; 11 Pe, Albury-Wodonga, Middle 
Creek, Boyes Road, 36°13'S 146054'E, 7.xii.1989, Cook; 3 Pe, Albury-Wodonga, 
Middle Creek, Beech worth Road, 36015' S, 146°50'E, 5.i.1990, Cook 
MALE, FEMALE and LARVA unknown 
PUPA (Fig. 5.36). 
Exuviae pale brown to very pale, almost hyaline. Length of exuviae 2.90-4.60 mm; 
cephalothorax 0.90-1.30 mm, abdomen 2.00-3.30 mm. 
Cephalothorax. Slightly rugose dorsally. Thoracic horn hyaline, slightly flattened, 
tear-shaped and covered with pointed scales, especially distally; length 130-200µm; 
width 32-52µm; thoracic horn ratio 3.4-5.6. Setation: frontals present on prefrons but 
small, 26-70µm. 
Abdomen. Pedes spurii B on segments II and III. Pedes spurii A on sternites IV-VI. 
Hook row on tergite II about half width of segment (0.41-0.56). Extensive spinule 
fields present on tergite I and anterior to hook row on tergite II. Extensive spinule fields 
present on pleura of segments III-V. Lateral setae on segment VIII short (40-50µm), 
3rd lateral about 1/10 width of segment (0.08-0.13 ). Anal etae 130 -170µm, less than 
1/15 length of abdomen (0.48-0.65). Dorsal setae, spine and spinule pattern shown in 
Fig. 5.36d: ventral setae and shagreen shown in Fig. 5.36e. 
Remarks 
This species is only known from pupal exuviae. It can be separated from pupae of other 
species by its large, hyaline, spinose thoracic horn and the shape and position of spinule 
fields on tergites I and IL 
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Figure 5.36. Cricotopus sp. V. Pupa. A. frons. B. thorax. C. variation of 
thoracic horns. D. abdomen (dorsal). E. abdomen (ventral). 
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5.3.11. Hergstrom 's "C. hirtellus " and "C. phaeosomatus." 
Hergstrom (1974) gave desc1iptions of two further species of Cricotopus, the proposed 
holotypes of which are now in the A.N.I.C. and were available for the author to 
exarni!1~: Measurements for these specimens have been included with measurements of 
other specimens examined in Appendix X. 
Hergstrom's proposed holotype of "C. hirtellus " is a large specimen with dark 
abdomen, thorax and femurs, and pale tibiae and tarsomeres on all legs. It does not fit 
the descriptions of any of the species described here, but neither does it appear to fit 
Hergstrom's own description which was itself presumably based on this proposed type 
specimen, as no other specimens were listed as "additional specimens seen". It differs 
from her description in having tergite I dark rather than pale, pale anterior and posterior 
bands on tergite III, and no distinct rings on any tibiae. However her drawings of the 
genitalia do appear to be of this specimen (Fig. 5.37.). Therefore either Hergstrom's 
description is unreliable, or there have been changes in pigmentation of this specimen 
since it was first described (uniquely among Hergstrom's material now in the A.N.I.C., 
this specimen does not appear to have been stained). Due to this uncertainty it has been 
decided not to to redescribe this single specimen as a new species. 
Hergstrom's proposed holotype of C. phaeosomatus is also a large specimen. Thorax, 
legs and abdomen appear uniformly dark brown, which agrees with Hergstrom's 
description, but the specimen is heavily stained so that details of patterning on thorax, 
body and legs may have been obscured. It differs from all other species most notably in 
the extremely small AR (0.47 compared with a range of 0.62-1.09 for all other species). 
The inferior volsella (= "inner lobe of gonocoxite" of Bergstrom) is large and rounded, 
and appears different from that of other species (Fig. 5.38). Bergstrom's description is 
based on 1 specimen, but she lists 17 n1ales and 1 female as "additional specimens seen". 
However, due to the heavy staining of this specimen, the possible unreliabity of 
Hergstrom's description (see above paragraph) and the fact that only 1 specimen is now 
available for description, it was decided not to redescribe this single specimen as a new 
species. 
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Hergstrom's "Cricotopus hirtellus". Adult d. 
tergites III and IV. B. wing. C. genitalia. 
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Figure 5.38. Bergstrom's "Cricotopus phaeosomatus". Adult cf. A. setation 
of tergites III and IV. B. wing. C. genitalia. 
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CHAPTER 6 
Biology 
6.1. Brief account of the biology of Holarctic Cricotopus. 
Cricotopus in the northern hemisphere show a variety of environmental tolerances 
and life histories. Of the two major subgenera C. (Cricopus) and C. (lsocladius), the 
former is commoner in flowing water, the latter in still water (Cranston et al. 1989). 
Most are found exclusively in fresh water (Cranston et al. 1989), although C. (Cricopus) 
zavreli is found in water with a salinity of up to 84.6%0 (Szadziewski and Hirvenoja 
1981). Surber (1959) found that C. bicinctus can tolerate high levels of heavy metal 
pollution, and Rosenberg et al. (1977) found that numbers of C. bicinctus and C. 
mackenziensis larvae increased on crude oil-polluted substrates; this was probably due to 
increased growth of their algal food . LeSage and Harrison (1980b) found 15 species of 
Cricotopus in a stream enriched with nutrients from surrounding farmland, but noted that 
distribution of some species was dependant on current velocity: C. festivellus was 
commonly found in pools, C. trifascia and C. infuscus were commoner in riffles. The 
distribution of all species was indirectly dependant on light intensity due to its effects on 
the growth of algae. 
The larvae of Holarctic Cricotopus are often associated with, and known to eat, 
filamentous algae (LeSage and Harrison 1980b; Ashe and Murray 1980), but also mine 
macrophytes (Cranston et al. 1989). Larvae may be univoltine (Oliver and Dillon 1988) 
or multivoltine (Rosenberg et al. 1977). Rosenberg et al. (1977) postulated a three-
generation-per-year life cycle for C. mackenziensis in northern Canada, but alternating 
two-generation-per-year ("slow emergers") and three-generation-per-year ("fast 
emergers") life histories for C. bicinctus. They further suggested that the C. bicinctus 
population was divided into two parts, so that it contained both "slow" and "fast" 
emergers in any year. LeSage and Harrison (1980b) explajn Rosenberg et al.'s data, and 
their own data on 15 species of Cricotopus in southern Canada, by five generations per 
year. 
Detailed accounts of the biology of northern hemisphere Cricotopus can be found in 
Berg (1950), Darby (1962), Oliver (1971), Danks and Oliver (1972), Hirvenoja (1973), 
Rosenberg et al. (1977a,b), and LeSage and Harrison (1980b). 
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6.2. Previous studies of the biology of Australian C rico top us. 
The biology of some Australian Cricotopus has previously been studied by Edward 
(1961) and Hergstrom (1974). 
Edward found two species of Cricotopus in south-western Western Australia; these 
were provisionally identified as C. albitibia and C. annuliventris, but are now known to be 
C. sp. I and C. sp. III respectively (Edward 1961; D. H. Edward pers. comm.). Larvae 
of C. sp. I were found in still and running fresh permanent water, living in tubes made of 
algae and eating algae. Their life cycle, in the field in summer and in the laboratory "at 
spring temperature", was six to eight weeks. Data from weekly trapping at two sites 
during summer showed two clear peaks of emergence. Larvae of C. sp. III were found 
in fine mud in running fresh permanent water, living in tubes constructed of mud, algae 
and detritus. The life history of this species was not described. 
Hergstrom (1974) found both C. sp. I (her "C. albitarsis") and C. annuliventris in a 
variety of sites, from pristine springs, streams and rapids to Torrens Lake in the heart of 
Adelaide. C. sp. III ( part of Hergstrom's "C. parbicinctus") was also found in both still 
and running water, but only in relatively unpolluted conditions. Hergstrom found both C. 
annuliventris and C. sp. III emerged from filamentous algae, and concluded that "As a 
genus, the abundance of Cricotopus in South Australia appears to be affected most by the 
availability of filamentous algae." (Hergstrom 197 4, page 37). 
Hergstrom collected C. sp I during January and February, and also in September, 
but considered numbers too low to generalise about life history. She collected C. 
annuliventris and C. sp.III in all months, with numbers highest during September and 
October. This suggests that both species are multivoltine in South Australia. She also 
noted that larvae of C. sp III reared in the laboratory took "more than a month" to 
complete development. 
6.3. Biological information from specimens in this study. 
In this study the following additional biological information on environmental 
tolerance and life history of each species has been deduced from collection details and 
from those sites visited by the author. In sites and areas where extensive collections have 
been made, or if a species is common and widespread, the absence of a particular species 
may be informative: however, the author has deliberately been cautious in speculating on 
biological information not strictly supported by the evidence. The information on 
collecting sites (other than those of specimens collected by the author) has been provided 
by P. S. Cranston (pers. comm.), unless otherwise stated. Due to the large differences in 
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latitude and altitude between the many collection sites for C. sp. I, C. sp. II, C. sp. III, 
and C. sp. IV, only data from the extensive collections in the Albury-Wodonga region are 
used for deductions about the life history of these species. 
-C. sp. I. 
The immature stages of this species have been collected from a very wide variety of 
sites. C. sp. I has been found in still water varying from heavy-metal polluted ponds at 
the Ranger Mine, Northern Territory to Lake Burley-Griffin in Canberra, and in running 
water varying from the unpolluted Carnarvon Creek in Queensland to a site in House 
Creek, Albury-Wodonga which receives considerable organic pollution and sediment from 
the abbatoir just upstream. C. sp. I was found by the author in filamentous algae attached 
to rocks or loose substrate. It has so far been found in all states except Tasmania. This 
species has the widest range of environmental tolerance of any examined in this study. 
However it has not been collected from pristine southern highland streams. This 
suggests that C. sp. I requires relatively warm water and some organic enrichment. 
C. sp. I has been collected in the Albury-Wodonga region (as pupal exuviae) from 
November to March, suggesting a multivoltine or avoltine life history. This confirms 
Edward's (1961) data from Western Australia (see paragraph 6.2). 
C. sp. II. 
This species has only been collected in relatively unpolluted running water, from 
small creeks in the Northern Territory to the River Murray at Albury-Wodonga. 
C. sp. II has been collected in the Albury-Wodonga region (as pupal exuviae) from 
November to March, suggesting that it is multivoltine. 
' 
C. sp. III. 
This species has been collected as larvae or pupae from a wide variety of sites, lotic 
and lentic. It has been found in still water varying from the cold, unpolluted water of 
Hedley Tarn near Mount Kosciusko, to Lake Burley-Griffin in Canberra, and in running 
water varying from alpine streams in Tasmania and New South Wales to Bundaroo Creek 
in north-west Brisbane. C. sp. III was found by the author in filamentous algae attached 
to rocks, and in tubes of diatoms and detritus on the upper surfaces of rocks and pepples, 
both in riffles and pools; this confirms Edward's (1961) observations on C. sp. III (see 
Paragrapq 6.2). It has so far been found in all states except the Northern Territory. This 
species has a wide range of environmental tolerance, but does not appear to tolerate high 
levels of organic pollution. 
C. sp. III has been collected in the Albury-Wodonga region (as pupal exuviae) from 
r' I 
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November to June, suggesting a multivoltine life history. This agrees with Edward's 
(1961) data from Western Australia (see Paragraph 6.2 ). 
C. sp. IV. 
This species has only been collected as larvae or pupae from running water, varying 
from alpine streams in Tasmania to the highly polluted House Creek, downstream of the 
abbatoir in Albury-Wodonga, New South Wales. C. sp. IV was only found by the 
author in drift samples. It is only known from New South Wales, A.C.T., Victoria, 
Tasmania and South Australia. This species has a wide range of pollution tolerance. 
C. sp. IV has been collected in the Albury-Wodonga region (as pupal exuviae) from 
August to February, suggesting that it is multivoltine. 
C. sp. V. 
This species has only been collected as pupal exuviae from relatively unpolluted 
running water near Albury-Wodonga, New South Wales. This small geographical range 
may be due to a narrow range of environmental tolerance. 
C. sp. V. has only been collected in December and February, but the number of 
dates of collection (3) is too small to draw conclusions about life history. 
C. annuliventris. 
This species has been collected as larvae or pupae only from running water, mostly 
small, unpolluted and well-oxygenated streams although one speciemen was also collected 
in the River Murray at Albury-Wodonga. C. annuliventris was found by the author in 
filamentous algae attached to rocks or loose substrate. This species has been found in 
New South Wales, A.C.T., Victoria and South Australia. It does not appear to have a 
wide range of environmental tolerance. Although samples in this study were too small to 
deduce life history, Hergstrom's (1974) data suggest that this C. annuliventris is 
multivoltine (see Paragraph 6.1 above). 
C. sp. B. 
This species has only been collected from unpolluted running water in highland 
New South Wales, A.C.T. and Victoria It therefore appears to have a narrow range of 
environmental tolerance. C. sp. B was found by the author in filamentous algae attached 
to loose~"Substrate. It. was collected from Rush's Creek, near Jindabyne, N.S.W. by P. 
S. Cranston, and Pierce's Creek in the A.C.T. by the author. Both sites are known to 
dry up completely during the summer (P. S. Cranston pers. comm.; Drayson 1989), but 
whether this species over-summers as larva or pupa, or whether the summer-dry sites are 
... 
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recolonised by adults from elsewhere, is not known. 
C. sp. B. has been collected in the southern highlands of eastern Australia from 
September to January, suggesting a multivoltine life history. 
C. sp. C. 
This species has only been collected from unpolluted running water in highland 
New South Wales (including the Warrumbungles), A.C.T. and Victoria It therefore 
appears to have a narrow range of environmental tolerance. C. sp. C was one of those 
collected by the present author in filamentous algae attached to rocks at Pierce's Creek in 
the A.C.T., a site which is known from previous research to dry up during the summer 
months (Drayson 1989). But, as for sp. B, it is not known whether this species over-
summers as larva or pupa, or whether the summer-dry sites are recolonised by adults from 
elsewhere. 
C. sp. C has been collected from August to January, but the difference in latitude 
between collection sites is too great and number of dates of collection (5) too small to 
draw further conclusions about life history. 
C. sp. D. 
This species has only been collected at one site in the A.C.T., from filamentous 
algae attached to rocks in unpolluted running water. This small geographical range may 
be due to a narrow range of environmental tolerance. 
As C. sp. D was collected on only one occasion at a site regularly visited by the 
present author, it appears to be univoltine. This site is known from previous research not 
to dry up during the summer months (Drayson 1989) 
C. sp. E. 
This species has only been collected from unpolluted running water in highland 
Tasmania This small geographical range may be due to a narrow range of environmental 
tolerance. 
C. sp. E has been collected in January and February, but the number of dates of 
collection (2) is too small to draw further conclusions about life history. 
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6.4. Notes on the systematic position of Australian Cricotopus. 
Adult males and females, pupae and larvae of all Australian species fit the 
description of the sub-genus Cricotopus ( Cricotopus) (Hirvenoja 1973, Simpson et al. 
1982; Cranston et al. 1983, 1989; Coffman et al. 1986). However, to which (if any) of 
Hirvenoja's ( 1973) species-groups (see Section 1.2) each species belongs is 
problematical. 
The adult males of sp. I, sp. II, sp. III and sp. D key to the festivellus-group, C. 
annuliventris to the cylindraceus-group, and sp. IV, sp. B, sp. C and sp. E do not key to 
any species-group (by key in Simpson et al. 1982). 
The adult females of sp. II and sp. III key to the festivellus-group, C. annuliventris 
and sp. IV to the tremulus-group, sp. B to the cylindraceus-group, sp. C to the fuscus-
group, and sp. I, sp. D and sp. E do not key to any species-group (by key in Saether 
1977). 
The pupae of C. annuliventris, sp 3, sp. B, and sp. C key to the tremulus-group, 
sp. I keys to the bicinctus-group, and sp. II, sp. IV, sp. V, and sp. D do not key to any 
group (by key in Coffman et al. 1986). 
The larvae of all species key to the tremulus-group, having a pecten epipharyngis of 
three sub-equal scales, mentum with narrow apical tooth, and premandible with single 
apical tooth (by key in Cranston et al. 1983). 
None of the Australian species of Cricotopus described here keys to the same 
species-group for all life stages. Because the inconsistences in species-group placement 
are so widespread, it is not proposed that each inconsistency, and the characters to which 
they are due, be analysed separately; the reader is instead referred to the discussions of 
characters in Section 3.2 and 7 .2. The inconsistencies may be due to a monophyletic 
origin of the Australian species, but a systematic analysis of Australian Cricotopus is 
outside the scope of this study. However LeSage and Harrison (1980a) and Simpson et 
al. (1983) also report inconsistencies in keying different life-stages of Nearctic species to 
the Palaearctic species-groups, although the two regions share many of the same species. 
This suggests that either the keys must be emended or the species-groups must be revised 
or abandoned; the decision to do so must await a systematic revision of the genus. 
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CHAPTER 7 
Conclusions 
7 .1. Summary of results. 
Nine new species of Cricotopus from Australia are described in this thesis: eight 
are described at all life stages, one is known only from pupal exuviae. A tenth species is 
redescribed. Keys have been provided to all life stages. 
The ten species all occupied freshwater, but from a wide range of altitudes, latitudes 
and environments. There was considerable variation between the environmental 
tolerances of the different species, from C. sp. I, which was found in still and running 
water in all mainland states, to C. sp. D, known from a single pristine but summer-dry 
stream in the A.C.T .. 
7 .2. Reliability of keys. 
The keys in Chapter 4 were based on observations and measurements of the 
specimens listed at the beginning of the species descriptions in Chapter 5 : some are based 
on a single specimen. Where-ever possible, numerical characters have been avoided in 
the keys, so that possible variations in size and ratio between populations would not lead 
to the keys' failure. This was not always possible, especially with the larvae, for which 
fewest characters were available. 
7.2.1. Larvae. The larval stage of Cricotopus had fewer characters which 
could be observed or measured than the other life stages. The most useful characters for 
separating larvae were the number of lateral teeth on the mentum, the outer edge of the 
mandible (smooth or crenulate) and the inner edge of the mandible (smooth or serrated): 
the remaining characters were measurements and ratios which showed such wide 
variations within species that there was often considerable overlap between species. 
The larvae of Australian Cricotopus were definitely the most difficult life stage to 
separate and identify: although a key was constructed based on characters of the 
specimens examined in this study, application of this key to Cricotopus larvae from the 
Museum of Victoria voucher collection (Appendix 6) showed up some inconsistencies. 
As discu-ssed in Appendix 6, these inconsistencies may due to some specimens belonging 
to new species not described in this thesis or may be due to conservative estimates of 
character/geographical ranges. There also remain potential problems in separating the 
larvae of Cricotopus from those of Paratrichocladius. 
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For these reasons, the key to larvae is the least reliable, and larvae should be the last 
choice of those seeking to identify Australian Cricotopus to species 
7.2.2. Pupae. The characters of pupae - notably the presence, shape and colour 
of thoracic horn, and the abdominal setation, spine pattern and presence or absence of 
pedes spurii B on tergite III - made this the most reliable stage for separating species, 
although there remain potential problems in separating the pupae of Cricotopus from those 
of Paratrichocladius. Combined with the ease and reliability of sampling pupal exuviae 
discussed in Section 1.4, pupae are recommended as the most suitable life stage for 
sampling and identifying Australian Cricotopus. 
7.2.3. Adults. The most useful characters for separating adults were the pattern 
of thorax, legs and abdomen, and the Antenna! Ratio of males. Although the shape of the 
inferior volsella and gonostylus of males varied between species, there was also 
considerable variation within some species. The setation of tergites III and IV also varied 
between species (and between sexes), but again there was some variation within species 
and missing setae may have gone unrecognised. The shape of the seminal capsules of 
female specimens appeared to be a reliable character; however the seminal capsules of 
many specimens collapsed during preparation making their original shape difficult to 
determine. This problem might be overcome by more gradual dehydration during 
preparation, although this would add considerably to the time spent in preparing each 
specimen. These difficulties, combined with the difficulties of accurately sampling adult 
chironomids discussed in Section 1.3, make this an unsuitable life stage for sampling and 
identifying Australian Cricotopus. 
7.3. Applicability of Australian Cricotopus for biological monitoring. 
Although Australian Cricotopus as a whole do show considerable variation in 
environmental tolerance, the relatively small number of species and the wide tolerances of 
the commoner species mean that this genus alone is of limited use for biological 
monitoring. Of the ten species described here, the most useful for biological monitoring 
is sp. I. It is common and widespread, and has only been found in water with some 
organic or inorganic pollution: it may therefore be considered as an indicator of pollution 
in a wide sense. There is no single species that is common, widespread yet pollution-
intolerant. Although C. annuliventris, which has been found only in unpolluted water 
from New South Wales to South Australia, and sp. II, which has been found only in 
unpolluted water from the Northern Territory to Victoria, are of some use, neither is 
common and further information about their environmental requirements is needed. 
However, it is hoped that Cricotopus will be useful as part of a larger suite of species. 
... 
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7.4. Suggestions for future research. 
1. Several species were only collected from a small range of sites; this suggests 
that o!h~r species with similarly small ranges may exist, and further collecting, and, 
equally importantly, rearing, is therefore recommended. 
2. The possible confusion of immature stages of Cricotopus and Paratrichocladius 
will not be resolved until there is a revision of Paratrichocladius in Australia. 
Paratrichocladius does not appear to be common or widespread in Australia, and 
specimens in the A.N.I.C. appear to belong to only three species (P.S.Cranston, pers. 
comm.). Such a revision is therefore also recommended. 
3. Finally, as described in Sections 1.3 and 7.3, chironomid pupal exuviae are the 
easiest stage in the life history of chironomids to collect and provide accurate samples: in 
Australian Cricotopus pupae are also the easiest life stage to identify. Australian 
Cricotopus will be a useful addition to the taxa included for identification in biological 
monitoring. It is therefore hoped that the future publication of the descriptions, keys and 
biological information in this thesis will encourage the use of chironomid pupal exuviae 
for biological monitoring in Australia. 
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Adults Ac Acrostitial seta 
AR Antenna! Ratio 
B.V. Beinverhal tnisse (leg ratio) 
_ CTS Coronal seta 
Ix Dorsocentral seta 
FCu Fork of Cubitus vein 
Fe Femur 
Fm Flagellomere (1 is proximal) 
FS Frontal seta 
Ge Gonocoxite 
Gs Gonostylus 
L.aps. Lateral antepronotal seta 
L.R. Leg Ratio 
Pa Prealar seta 
Po Postorbital seta 
R VeinR 
R1 Vein Rl 
1<4+5 Vein R4+5 
Sets Scutellar seta 
Sq Squama 
S.V. Schenkel-Schiene-Verhaltnis (leg ratio) 
Ta Tarsomere (1 is proximal) 
Ti Tibia 
Pupae AM Anal macroseta 
D Dorsal seta 
Ix Dorsocentral seta 
F Frontal seta 
L Lateral seta 
L.aps Lateral antepronotal seta 
M.aps Median antepronotal seta 
p Pupa 
Pa Pre-alar seta 
Pc Precorneal seta 
Pe Pupal exuviae 
Po Postorbital seta 
PSA Pedes spurii A 
PSB Pedes spurii B 
s Segment 
TH Thoracic horn 
V Ventral seta 
Larvae AR Antenna! ratio 
AS Anal seta 
L Larva 
Le Larval exuviae 
s Antenna! segment 
Appendix 1. Abbreviations used in this thesis (after Saether 1980). 
J 
/I 
n= 
Total length mm 
Head Head width µm 
Eye d-m exten. µm 
Fm 1-12 length µm 
Fm 13 length µm 
Antenna µm 
AR 
Palp length µm 
Setae FS 
Po 
CT setae 
Wing Length mm 
Width mm 
Ratio 
Setae R 
Sq 
C.sp.l C.sp.11 C.sp.111 C.sp.lV C.sp.V C.annu. 
10 1 10 10 0 7 
3.13-3.50 unknown 2.84-3.74 3.25-4.74 unknown 2.82-4.17 
460 unknown 480-540 490-560 unknown 450-530 
10 unknown 28-64 60-80 unknown 50-70 
320-360 416 336-440 336-440 unknown 392-480 
456-520 472 464-592 440-680 unknown 416-448 
792-872 890 856-1000 800-1120 unknown 832-1088 
0.62-0.74 0.88 0.64-0.88 0.65-0.82 unknown 0.84-1.09 
338-432 unknown 352-432 415-472 unknown 424-592 
0 1 1 1 unknown 2 
3-5 5 9-15 9-12 unknown 6-10 
0 2 2 2 unknown 0 
1.50-1.90 unknown 1.76-2.10 2.60-2.72 unknown 2.00-2.70 
0.44-0.51 unknown 0.48-0.60 0.62-0.64 unknown 0.50-0.70 
3.40-3.73 unknown 3.32-3.75 4.06-4.38 unknown 3.71-4.18 
0-1 unknown 4-5 6-8 unknown 2 - 9 
4-8 unknown 8-15 9-14 unknown 7-15 
Appendix 2. Characters of adult male Australian Cricotopus spp. 
~ 
V.J 
00 
n= 
Total length mm 
Head Head width µm 
Eye d-m exten. µm 
Fm 1-12 length µm 
Fm 13 length µm 
Antenna µm 
AR 
Palp length µm 
Setae FS 
Po 
CT setae 
Wing Length mm 
Width mm 
Ratio 
Setae R 
Sq 
C.sp.B C.sp.C C.sp.D C.sp.E "hirtellus" "phaeosomatus" 
2 2 4 1 1 1 
3.05-3.09 3.91-4.26 2.76-3.34 4.2 3.91 4.26 
450-480 470-512 440-480 500 544 560 
60-70 50-80 50-60 65 48 40 
340-424 460-480 400-412 440 440 400 
432-440 600-648 280-328 520 612 720 
792-864 1080-1128 680-744 960 1056 1120 
0.83-0.96 0.74-0.80 0.70-0.80 1.18 0.71 0.47 
376-432 364-456 308-324 490 478 528 
1-2 3 2 0 0 0 
10-13 4 3 8 4 8 
0 0 0 0 0 0 
2.00 2.6 1.8 2.38 2.16 2.3 
0.54 0.67 0.5 0.62 0.6 0.62 
3.7 3.88 3.6 3.83 3.6 3.71 
7 6 - 8 3-5 8 8 10 
7-13 9-10 3-5 8 13 15 
Appendix 2 (cont.) . Characters of adult male Australian Cricotopus spp. 
,...... 
v.) 
\0 
n= 
Thorax Length mm 
,1 Setae L.aps. 
Ac 
Ix 
Pa 
Sets 
Abdomen Length mm 
Gonocoxi te length µm 
Gonostylus length µm 
Gs/Ge 
Legs Fore Fe µm 
Fore Ti µm 
Fore Tal µm 
Fore Ta2 µm 
Fore Ta3 µm 
Fore Ta4 µm 
Fore Ta5 µm 
Ratio Fore LR 
Ratio Fore BY 
Ratio Fore SY 
C.sp.l C.sp.11 C.sp.111 C.sp.lV C.sp.V C.annu. 
10 1 10 10 0 7 
0.82-1.10 unknown 0.86-1.04 0.90-1.30 unknown 0.86-1.20 
3-7 unknown 0-4 0-4 unknown 1-5 
12-25 unknown 11-21 13-20 unknown 15-28 
20-:40 unknown 15-31 13-20 unknown 18-25 
3-5 unknown 2-4 0-3 unknown 2-4 
6-12 unknown 5-12 6-10 unknown 6-10 
2.06-2.40 2.8 1.90-2.90 2.26-3.60 unknown 1.90-2.95 
180-200 220 190-220 186-266 unknown 180-250 
74-86 90 74-90 77-106 unknown 66-100 
0.39-0.43 0.41 0.36-0.45 0.37-0.42 unknown 0.35-0.45 
500-620 unknown 640-740 840-920 unknown 740-1000 
760-800 unknown 780-940 900-1120 unknown 1040-1220 
440-480 unknown 520-660 640-800 unknown 640-780 
240-280 unknown 300-340 280-420 unknown 320-400 
180--240 unknown 220-240 240-260 unknown 240-300 
140-160 unknown 160-180 140-220 unknown 180-200 
80-100 unknown 90-110 120-140 unknown 120-140 
0.58-0.77 unknown 0.67-0.77 0.63-0.75 unknown 0.60-0.67 
2.47-3.13 unknown 2.49-2.72 2.37-2.91 unknown 2.81-3.13 
2.31-3.04 unknown 2.31-2.73 2.43-2.91 unknown 2.78-3.04 
Appendix 2 (cont.). Characters of adult male Australian Cricotopus spp. 
1--' 
~ 
0 
n= 
Thorax Length mm 
1Setae L.aps. 
Ac, 
Ix 
Pa 
Sets 
Abdomen Length mm 
Gonoeoxite length µm 
Gonostylus length µm 
Gs/Ge 
Legs Fore Fe µm 
Fore Ti µm 
Fore Tal µm 
Fore Ta2 µm 
Fore Ta3 µm 
Fore Ta4 µm 
Fore Ta5 µm 
Ratio Fore LR 
Ratio Fore B V 
Ratio Fore S V 
. --- - -- - - - ·- - - ···· --- . ·---- - -- - -
C. s p. B C. s p. C C. s p. D C. s p. E "hirtellus" "phaeosomatus" 
2 2 4 1 1 1 
0.96-1.00 1.14-1.20 0.78-0.90 1.12 1.10 1.20 
4-8 3-6 4-7 3 unknown unknown 
22-32 17-19 12-17 23 unknown 11 
17-_22 11-15 12-15 15 26 32 
3-6 4-5 2-4 3 3 3 
8-12 12-14 7-12 7 11 unknown 
2.00 2.60-3.00 1.90-2.34 2960 2.7 2.94 
178 220-230 170-200 248 260 270 
76 86-94 70-80 90 90 110 
0.43 0.39-0.41 0.38-0.41 0.36 0.35 0.41 
660-740 712 unknown 656 360 384 
820-880 832 unknown 720 440 376 
580-640 572 unknown 512 416 480 
280-320 288 unknown 340 168 288 
220-240 240 unknown 260 112 160 
160-180 160 unknown 200 88 112 
100-120 96 unknown 120 56 72 
0.71-0.73 0.69 unknown 0.71 0.63 0.60 
2.63-2.71 2.65 unknown 2.57 2.76 2.92 
2.53-2.55 2.61 unknown 2.69 2.88 2.97 
Appendix 2 (cont.). Characters of adult male Australian Cricotopus spp. 
....... 
.i::,.. 
....... 
n= 
Legs Mid Fe µm 
, Mid Ti µm II 
Mid Tal µm 
Mid Ta2µm 
Mid Ta3 µm 
Mid Ta4µm 
Mid Ta5 µm 
Ratio MidLR 
Ratio MidBV 
Ratio Mid SY 
Rear Fe µm 
Rear Ti µm 
RearTal µm 
RearTa2 µm 
RearTa3 µm 
RearTa4 µm 
RearTa5 µm 
Ratio Rear LR 
Ratio Rear B V 
Ratio Rear S V 
C.sp. I C.sp.11 C.sp.III C.sp.lV C.sp.V C.annu. 
10 1 10 10 0 7 
300-320 unknown 600-720 680-900 unknown 800-980 
620-680 unknown 600-780 820-940 unknown 800-1000 
300-320 unknown 320-370 400-460 unknown 500-640 
160-180 unknown 180-220 240-260 unknown 260-320 
120-140 unknown 140-160 180-200 unknown 200-240 
80-100 unknown 100-120 100-140 unknown 120-180 
80-100 unknown 80-100 80-120 unknown 100-120 
0.44-0.63 unknown 0.51-0.53 0.47-0.49 unknown 0.45-0.53 
2.77-3.95 unknown 3.04-3.33 2.77-3.17 unknown 3.61-3.95 
2.85-4.12 unknown 3.65-3.75 3.85-4.30 unknown 3.81-4.40 
640-700 unknown 600-720 760-880 unknown 720-1000 
680-740 unknown 700-900 840-1080 unknown 880-940 
400-420 unknown 440-560 420-680 unknown 500-680 
200-240 unknown 230-280 240-340 unknown 260-340 
180-200 unknown 130-200 240-260 unknown 200-240 
100-120 unknown 100-140 140-160 unknown 120-140 
80-100 unknown 80-120· 120-140 unknown 100-120 
0.47-0.63 unknown 0.60-0.64 0.50-0.63 unknown 0.47-0.72 
2.70-3.95 unknown 2.81-3.06 2.84-2.93 unknown 3.09-3.95 
2.85-4.12 unknown 2.78-3.07 2.88-3.81 unknown 2.85-4.12 
Appendix 2 (cont.). Characters of adult male Australian Cricotopus spp . 
_. 
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N 
r 
n= 
MidFeµm 
' Mid Tiµm .,, 
Mid Tal µm 
Mid Ta2µm 
Mid Ta3 µm 
Mid Ta4µm 
Mid Ta5 µm 
Ratio MidLR 
Ratio MidBY 
Ratio Mid SY 
Rear Fe µm 
Rear Ti µm 
RearTal µm 
RearTa2 µm 
RearTa3 µm 
RearTa4 µm 
RearTa5 µm 
Ratio Rear LR 
Ratio Rear BY 
Ratio Rear SY 
C. s p. B C. s p. C C. s p. D C. s p. E "hirtellus" "phaeosomatus" 
2 1 4 1 1 1 
620-660 592 unknown 860 440 384 
660-680 704 unknown 820 440 416 
320-360 384 unknown 420 200 200 
180-200 208 unknown 240 112 112 
160-180 144 unknown 200 80 88 
100 96 unknown 120 48 56 
80 80 unknown 100 48 48 
0.47-0.50 0.55 unknown 0.51 0.49 0.48 
3.12-3.33 3.18 unknown 3.18 3.29 3.29 
4.00-4.06 3.37 unknown 4 3.6 4 
600-680 640 unknown 800 328 400 
740-800 800 unknown 960 416 472 
400-440 496 unknown 560 264 272 
220 240 unknown 280 136 136 
160-200 176 unknown 260 104 112 
100-120 96 unknown 140 64 64 
80-100 96 unknown 120 48 56 
0.54-0.58 0.62 unknown 0.58 0.58 0.58 
2.72-2.89 3.18 unknown 2.9 2.86 3.11 
3.04-3.35 2.9 unknown 3.14 2.82 3.21 
Appendix 2 (cont.). Characters of adult male Australian Cricotopus spp. 
_----'.77:..i· - ~-- -
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~ 
w 
, Head 
,fl 
Wing 
C.sp.l C.sp.11 C.sp.111 C.sp.lV C.sp.V 
n= 10 1 10 2 0 
Total length mm 3.13-3.50 1.89 3.40-3.85 3.98-4.94 unknown 
Head width µm 420-450 336 440-480 450-470 unknown 
Eye d-m exten. µm 42-58 8 34-54 20 unknown 
Antennaµm 234-272 269 325-365 340-400 unknown 
Palp length µm 348-488 310 472-544 468-504 unknown 
Setae FS 0 1 1 3 unknown 
Po 3-4 3 2-4 8-10 unknown 
CTS 0 1 2 2 unknown 
Length mm 1.36-2.00 1.3 2.20-2.50 1.82 unknown 
Width mm 0.46-0.61 0.42 0.56-0.80 0.62 unknown 
Ratio length/width 3.14-3.39 3.09 3.15-3.92 2.93 unknown 
Setae R +Rl 2-6 1 7-14 16-30 unknown 
R4+5 3-6 3 6-15 10-12 unknown 
Sq 3-10 unknown 9-11 10 unknown 
Appendix 3. Characters of adult female Australian Cricotopus spp. 
~ 
+:>-
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, 
,, 
n= 
Total length mm 
Head Head width µm 
Eye d-m exten. µm 
Antenna µm 
Wing 
Palp length µm 
Setae FS 
Po 
CTS 
Length mm 
Width mm 
Ratio length/width 
Setae R + Rl 
R4+5 
Sq 
C.annu. C.sp.B C.sp.C C.sp.D C.sp.E. 
3 9 4 4 unknown 
4.12-4.30 3.07-4.68 2.92-4.12 2.76-3.34 unknown 
400-480 440-480 370-450 380-440 unknown 
65-75 55-70 32-55 20-24 unknown 
337-428 320-355 321-370 301-316 unknown 
544-644 400-420 352-480 382-394 unknown 
2 2 3 2 unknown 
7-8 10-12 4 3 unknown 
0 0 0 0 unknown 
3.00 1.80-2.60 1.80-2.70 1.90-2.00 unknown 
0.90 0.54-0.66 0.56-0.84 0.56-0.60 unknown 
3.33 3.18-3.85 3.06-3.21 3.33-3.39 unknown 
17-19 12-13 12-22 10-19 unknown 
13-15 8-15 10-14 8-11 unknown 
8-13 6-10 3-10 2-5 unknown 
Appendix 3 (cont.). Characters of adult female Australian Cricotopus spp. 
,__. 
+::,. 
lit 
' /I 
-': -- --=--c 
n= 
Ac 
Ix 
Pa 
Sets 
Abdomen 
Legs 
Length mm 
Front Fe µm 
Front Ti µm 
Front Tal µm 
Front Ta2 µm 
FrontTa3 µm 
Ratio Front LR 
Ratio Front BV 
Ratio Front SV 
. ~ ---=-- -- -
C.sp.l C.sp.11 C.sp.111 C.sp.IV C.sp.V 
10 1 10 2 0 
12-20 12 12-18 12-14 unknown 
22-38 24 13-20 20-22 unknown 
3-5 3 2-3 3 unknown 
6-11 8 6-10 10-11 unknown 
2.06-2.30 1.24 2.30-2.70 2.80-3.50 unknown 
500-780 460 620-820 860-920 unknown 
620-760 540 780-940 860-880 unknown 
320-420 320 520-720 600-650 unknown 
180-240 160 280-360 300-330 unknown 
140-180 120 220-260 220-240 unknown 
0.52-0.55 0.59 0.70-0.75 0.70-0.71 unknown 
2.88-3.19 3.00 2.57-2.82 3.05-3 .23 unknown 
3.19-3.71 3.10 2.42-2.67 2.63-2.87 unknown 
Appendix 3 (cont.). Characters of adult female Australian Cricotopus spp. 
...... 
+:a,. 
0\ 
,·-
1. 
Abdomen 
Legs 
n= 
Ac 
Ix 
Pa 
Sets 
Length mm 
Front Fe µm 
Front Ti µm 
Front Tal µm 
Front Ta2 µm 
Front Ta3 µm 
Ratio Front LR 
Ratio Front BY 
Ratio Front S V 
C.annu. C.sp.B C.sp.C C.sp.D C.sp.E. 
3 9 4 4 unknown 
20-22 20-28 19-23 12-23 unknown 
18-22 20-28 10-16 12-22 unknown 
3-4 3-4 3-4 4-6 unknown 
8-9 10-15 12-13 8-10 unknown 
2.80-2.90 1.90-3.20 2.00-2.80 2.00-2.50 unknown 
1080 700-720 640-820 540-680 unknown 
1300 800-820 760-1000 660-820 unknown 
800 540-580 500-640 300-560 unknown 
420 280-300 260-340 160-300 unknown 
300 200-220 200-240 140-220 unknown 
0.62 0.66-0.71 0.64-0.66 0.45-0.63 unknown 
3.00 2.65-2.78 2.69-2.80 2.66-3.26 unknown 
2.98 2.66-2.81 2.76-2.84 2.88-4.00 unknown 
Appendix 3 (cont.). Characters of adult female Australian Cricotopus spp. 
,..._. 
~ 
-....J 
C.sp. I C.sp.11 C.sp.111 C.sp.lV C.sp.V 
n= 10 1 10 2 0 
Legs Middle Fe µm 560-640 420 640-800 720-750 unknown 
, Middle Ti µm // 560-680 460 760-800 740-760 unknown 
Middle Tal µm 300-320 200 400-420 340-350 unknown 
Middle Ta2 µm 160-180 100 200-230 180-200 unknown 
Middle Ta3 µm 100-120 80 170-180 160-190 unknown 
Middle Ta4 µm 60-80 60 90-110 100-120 unknown 
Middle Ta5 µm 40-60 60 80-100 80-100 unknown 
Ratio Middle LR 0.42-0.47 0.43 0.49-0.53 0.46-0.58 unknown 
Ratio Middle B V 3.73-3.94 3.60 3.25-3.46 3.46-3.56 unknown 
Ratio Middle S V 4.12-4.73 3.00 3.55-3.84 4.00-4.29 unknown 
Back Fe µm 560-620 400 700-780 680-730 unknown 
Back Ti µm 560-720 480 860-900 820-840 unknown 
Back Tal µm 300-320 260 540-560 500-520 unknown 
Back Ta2 µm 160-180 120 260-300 260-270 unknown 
Back Ta3 µm 120-140 100 200-220 200-220 unknown 
Back Ta4 µm 80-100 60 120-130 120-130 unknown 
Back Ta5 µm 40-70 60 110-120 100-120 unknown 
Ratio Back LR 0.54-0.56 0.54 0.61-0.63 0.61-0.70 unknown 
Ratio Back BY 3.22-3.55 3.35 2.54-3.00 2.94-3.01 unknown 
Ratio Back S V 3.35-3.73 4.40 2.78-2.93 3.00-3.21 unknown 
Appendix 3 (cont.). Characters of adult female Australian Cricotopus spp. 
-~ 
00 
C.annu. C.sp.B C.sp.C C.sp.D C.sp.E. 
n= 3 9 4 4 unknown 
Legs Middle Fe µm 1080 640-660 620-820 640-680 unknown 
' 11 Middle Ti µm 1120 660-700 600-800 700-780 unknown 
Middle Tal µm 500 320-340 300-420 340-440 unknown 
Middle Ta2 µm 300 170-180 160-220 180-280 unknown 
Middle Ta3 µm 200 140-160 120-180 140-200 unknown 
Middle Ta4 µm 140 90-100 80-100 80-140 unknown 
Middle Ta5 µm 120 80-100 80 80-100 unknown 
Ratio Middle LR 0.45 0.48 0.50-0.53 0.49-0.56 unknown 
Ratio Middle BV 3.55 0.49 3.36-3.52 2.58-3.50 unknown 
Ratio Middle SV 4.40 4.00-4.12 3.81-3.93 3.23-3.94 unknown 
Back Fe µm 1060 640-680 580 600-640 unknown 
Back Ti µm 1280 800-820 760 700-760 unknown 
Back Tal µm 740 430-450 680-920 420-440 unknown 
Back Ta2 µm 360 200-220 400-560 220 unknown 
Back Ta3 µm 260 160-200 200-280 160-180 unknown 
Back Ta4 µm 160 100-120 160-240 100 unknown 
Back Ta5 µm 140 80-100 80-120 80 unknown 
Ratio Back LR 0.58 0.54-0.55 0.59-0.61 0.58-0.60 unknown 
Ratio Back B V 3.35 2.97-3.43 2.95-3.19 3.07-3.17 unknown 
Ratio Back S V 3.16 3.32-3.36 3.00-3.15 3.10-3.18 unknown 
Appendix 3 (cont.). Characters of adult female Australian Cricotopus spp. 
...... 
.p.. 
\0 
• 
r . 
n= 
Total length µm 
Cephalothorax Length µm 
Setae F length µm 
Abdomen 
PQ length µm 
,, 
Laps length µm 
M.aps length µm 
Pc length µm 
Pa length µm 
De 1-2 length µm 
De 3-4 length µm 
TH length µm 
TH width µm 
TH ratio 
TH/PC 
Length mm 
Hook row width µm 
Segment II width µm 
Hook Row ratio 
PSB on III 
PSA on VII 
Width segment VIII 
Length L4 on S VIII 
IA/SVIII 
AM length µm 
Anal lobe length µm 
AM ratio 
AM/length abdomen 
C.sp.I 
10 
2.55-4.10 
0.75-1.14 
60-90 
130-210 
15-50 
180-250 
200-290 
45-60 
60-90 
30-55 
130-200 
36-54 
2.78-4.00 
0.56-0.78 
1.80-3.10 
304-440 
576-800 
0.45-0.61 
present 
present 
320-456 
32-40 
0.08-0.10 
120-150 
250-330 
0.42-0.62 
0.042-
0.065 
C.sp.11 C.sp.111 C.sp.IV C.sp.V C.annu. C.sp.B 
10 10 10 10 10 10 
2.62-4.30 3.50-4.60 3.10-5.00 2.90-4.60 3.50-4.70 3.50-4.37 
0.72-1.20 0.90-1.16 1.00-1.40 0.90-1.30 0.90-1.16 0.90-1.20 
30-80 absent 70-140 26-70 absent absent 
40-80 20-80 40-60 40-60 40-60 30-70 
40-70 15-30 20-80 14-60 15-30 30-90 
140-200 130-200 60-150 106-150 130-200 120-150 
140-200 140-200 110-180 110-160 140-200 120-190 
30-60 18-28 24-50 30-60 18-28 50-80 
30-60 60-80 70-100 56-80 60-80 45-75 
30-70 60-90 50-110 50-100 60-90 50-75 
64-100 140-230 80-120 130-200 56-114 absent 
18-0ct 14-26 20-40 32-52 18-26 absent 
4.4-9.0 8.30-12.78 2.50-4.00 3.4-5.6 3.1-6.3 absent 
0.33-0.59 0.87-1.15 0.48-0.82 1.18-1.54 0.40-0.81 absent 
1.90-3.10 2.60-3.30 2.50-3.60 2.00-3-30 2.60-3.60 2.50-3.70 
184-400 178-320 192-560 256-496 240-360 256-400 
480-840 568-960 640-1000 568-880 660-800 600-960 
0.38-0.53 0.31-0.38 0.30-0.63 0.41-0.56 0.35-0.4 7 0.38-0.50 
present absent present present absent absent 
present absent absent absent absent absent 
360-520 320-400 336-560 360-560 348-564 400-600 
32-48 56-104 32-80 40-48 88-120 54-128 
0.08-0.12 0.18-0.33 0.08-0.14 0.08-0.13 0.22-0.31 0.14-0.22 
110-160 140-200 140-170 130-170 80-96 ? 
220-380 200-290 180-280 250-330 190-280 180-240 
0.40-0.52 0.62-0.82 0.58-0.70 0.55-0.68 0.65-0.78 0.52-0.72 
0.048- 0.050-0.063 0.042- 0.048- 0.061- 0.048-
0.067 0.052 0.065 0.077 0.064 
Appendix 4. Pupal characters of Australian Cricotopus spp. 
C.sp.C 
10 
3.34-4.72 
0.96-1.35 
90-150 
60-80 
15-35 
130-200 
170-220 
50-100 
66-100 
64-90 
140-216 
50-68 
2.7-3.3 
0.74-1.16 
2.38-3.38 
216-400 
576-880 
0.34-0.46 
present 
absent 
344-528 
32-80 
0.08-0.16 
120-180 
230-310 
0.57-0.66 
0.044-
0.069 
__ ....., - · - - i.r-- - .-. -· -
C.sp.D 
10 
2.92-5.40 
0.84-1.35 
25-60 
40-70 
30-80 
110-160 
110-160 
30-50 
40-70 
30-40 
26-100 
14-24 
1.5-5.6 
0.23-0.68 
2.08-4.30 
37-50 
70-95 
0.42-0.56 
present 
absent 
320-480 
56-80 
0.12-0.20 
110-220 
170-240 
0.42-0.69 
0.045-
0.063 
' 
,, 
. 
C.S p.E 
10 
3.50-4.14 
1.00-1.24 
absent 
40-80 
20-80 
120-160 
128-180 
30-60 
40-90 
40-100 
14-80 
10-16 
1.4-6.7 
0.10-0.78 
2.50-3.40 
192-304 
560-920 
0.27-0.44 
absent 
absent 
320-520 
96-160 
0.27-0.33 
160-200 
210-230 
0.42-0.56 
0.059-
0.071 
~ 
V\ 
0 
Segment 
SI D 
L 
V 
SII D 
L 
V 
SIII D 
L 
V 
SIV D 
L 
V 
SY D 
L 
V 
SVI D 
L 
V 
SVII D 
L 
V 
SVIII D 
L 
V 
C.sp. I C.sp.11 C.sp.111 C.sp.lV C.sp. V C.annu C.sp.B C.sp.C C.sp.D C.Sp.E 
4 4 
1 1 
0 1 
4 4 
3 , 3 
, 
3-4 4 
5 5 
3 3 
3-4 4 
5 5 
3 3 
3-4 4 
5 5 
3 3 
3-4 4 
5 5 
3 3 
3-4 4 
5 5 
3 3 
3-4 4 
1-2 1 
3-4 4 
0 1 
4 4 4 4 4 4 4 
1 1 1 1 1 1 1 
1 1 1 0 0 1 1 
4-5 4 4 4 4 4 4 
3 3 3 3 3 3 3 
3-4 3 3 4 3-4 3 4 
4 4 4 4 4 4 4 
-3 5 3 3 3 3 3 
3-4 3 3 4 3-4 4 4 
5 5 5 5 5 5 5 
3 3 3 3 3 3 3 
3-4 3 3 4 3-4 4 4 
5 5 5 5 5 5 5 
3 3 3 3 3 3 3 
3-4 4 4 4 3-4 4 4 
5 5 5 5 5 5 5 
4 3 3 3 3 3 3 
3-4 4 4 4 3-4 4 4 
2-5 5 5 4 2 5 5 
4 3 3 3 3-4 3 3 
3-4 4 4 4 3-4 0 0 
2 2 2 1-2 1-2 1-2 1 
4 4 3 3-4 4-5 3 4 
0-1 0 0 0 0 0 0 
Appendix 4 (cont.). Abdominal setation on pupae of Australian Cricotopus spp. 
(D=dorsal, V =ventral, L=lateral) 
3 
1 
1 
4 
3 
4 
5 
3 
4 
5 
3 
4 
5 
3 
4 
5 
3 
4 
5 
3 
4 
1 
5 
0 
1---'-
Vl 
1---'-
r . 
n= 
Length mm 
Antenna µm 
Slµm 
S2-5 µm 
AR 
I ,, 
I 
Mandible len µm 
Mand/Ant 
Tooth 1 µm 
Teeth 2-4 µm 
Width above mola 
W .a.m./length 
Mentum len µm 
Mentum wid µm 
Mentum ratio 
A pi cal tooth µm 
Apical tooth ratio 
Procercus width µm 
AS 1 µm 
AS2µm 
AS3µm 
C.sp.l 
10 
2.50-4.00 
66-76 
40-46 
26-30 
1.60-1.65 
130-176 
1.86-2.44 
18-22 
22-30 
22-26 
0.160-0.171 
58-74 
104-128 
0.58-0.71 
14-22 
0.12-0.17 
14-20 
25-30 
50-75 
300-460 
C.sp.11 C.sp.111 C.sp.lV C.sp.V C.annu. C.sp.B C.sp.C C.sp.D 
1 10 10 unknown 3 8 2 8 
unknown 3.50-5.40 3.6 unknown 3.50-5.44 2.80-3.80 4.60-4.80 4.87-7 .20 
r 
68 90-106 74-90 unknown 72-86 68-80 72-78 75-86 
42 50-68 44-50 unknown 42-52 44-52 44-46 46-51 
26 30-34 28-36 unknown 28-34 28-32 28-32 28-35 
1.62 1.36-2.00 1.29-1.56 unknown 1.40-1.64 1.60-1.85 1.43-1.57 1.69-1.81 
140 142-170 152-182 unknown 144-160 152-174 136-148 158-168 
2.09 1.53-1.92 1.90-2.24 unknown 1.81-2.16 2.00-2.36 1.89-.190 2.01-2.08 
22 22-26 20-26 unknown 22-24 20-24 20 20-26 
25 24-28 26-34 unknown 24-26 28-34 28-30 24-30 
21 20-24 21-27 unknown 20-21 26-29 20-21 23-26 
0.149 0.130-0.139 0.130-0.138 unknown 0.135-0.13 7 0.160-0.169 0.131-0.134 0.151-0.166 
64 62-95 66-88 unknown 70-80 78-86 70-74 71-74 
112 100-142 116-144 unknown 120 124-136 100 148-161 
0.63 0.44-0.79 0.61-0.69 unknown 0.58-0.66 0.59-0.65 0.70-074 0.50-0.59 
17 16-26 16-22 unknown 14-20 16-26 14 20-24 
0.15 0.15-0.21 0.16-0.21 unknown 0.17-0.18 0.17-0.20 0.14 0.15-0.18 
15 20-29 20-24 unknown 18-28 15-22 14-20 25-31 
30 46-56 25-40 unknown 35-50 40-50 35-40 33-39 
80 120-145 80-120 unknown 60-120 95-110 90-100 106-120 
500 500-600 440-550 unknown 560-700 540-650 530-560 470-600 
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C.sp.E 
10 
4.20-5.60 
72-90 
40-54 
32-36 
1.25-1.69 
156-180 
1.98-2.18 
14-24 
24-30 
21-24 
0.130-0.141 
72-84 
112-148 
0.55-0.66 
20-28 
0.17-0.21 
22-27 
30-34 
180-230 
500-530 
~ 
L'1 
N 
As was described in Section 1.3, many researchers have used the voucher 
collection at the Museum of Victoria to identify larvae of Australian Cricotopus. 
Specimens and unpublished notes from the Museum of Victoria voucher collection, and 
an unpublished key by V. Pettigrove of the Limnology Section, (Victorian) State River 
and Water Supply Commission, including detailed drawings of antennae, mandibles and 
menta, were made available to the present author. Nine species were identified in the 
notes and named spp. A - I. However, the notes show that not only were specimens 
previously assigned to one species later recognised as belonging to more than one 
species, but the small number of specimens available, and differences due to wear and 
damage of mouthparts, lead to some doubt about variation within species. Pettigrove's 
key further shows that he was uncertain whether the species he identified belonged to 
Cricotopus or Orthocladius. Larvae of these two genera are very difficult to separate, 
but in fact Orthocladius is not known from Australia (see discussion in Section 4.1). 
All specimens in the collection were slide mounted, but few had been cleared prior 
to mounting. The labels on most slides bore more than one identifier, the original 
species number, identification number of the equivalent voucher system in the 
S.R.&W.S.C., and the emended Museum of Victoria species name 
Thirteen specimens from the voucher collection were inspected and measured (see 
Table A 6.1. below), then identified according to the keys and descriptions published in 
this thesis (see Table A 6.2. below). The specimens were chosen as the best 
representatives of each of the species A - I described in the notes. 
Three specimens possess the flange on the apical tooth of the mandible and 
trapezoid second tooth only seen in this study on Paratrichocladius larvae. 
Five of the specimens key to C. sp. III, with the identity of one being confirmed by 
the thoracic horn on the pharate pupa visible within the larval skin . Other species 
identified by the key are C. sp. I, C. sp. II, C. sp. IV, C. annuliventris and C. sp. E. 
However, a comparison of the data from these specimens (Table A 6.1.) with the data 
from specimens used in this study (descriptions in Chapter 5 and Appendix 51 shows 
some inconsistencies. For instance, the Men tum Ratio of specimen 2, which keys to C. 
annuliventris, is well outside the range of those described here, the AR of specimen 7a, 
which keys to C. sp. I, is outside the range of those described here, C. sp. E. has, in this 
study, only been found in Tasmania. 
These inconsistencies may due to some specimens belonging to new species not 
described in this thesis. Alternatively or additionally, they may be due to conservative 
estimates of character/geographical ranges of species described here, and might therefore 
be overcome by adapting keys and descriptions as further material from reared series 
becomes a~vailable. At present they highlight the problems of identifying Australian 
Cricotopus larvae discussed in Section 7 .2.1. 
Appendix 6. Identification of Museum of Victoria voucher collection. 
1 5 3 
My number 
Location 
Length mm 
Antenna µm 
Slµm 
S2-5 µm 
AR 
' fl 
Flange on ap. tooth 
Mandible outer edge 
Mandible inner edge 
Mandible len µm 
Mand/Ant 
Width above mola 
W .a.m./length 
Mentum len µm 
Mentum wid µm 
Mentum ratio 
A pi cal tooth µm 
Apical tooth ratio 
Procercus width µm 
AS1µm 
AS2µm 
AS 3 µm 
-·- - . 
1 2 3 4 5 6 7a 7b 7c 8 9 10 11 
Vic. Vic. Vic. Vic. Tas. Vic. Vic. Vic. Vic. Vic. Vic. Vic. Vic. 
4.5 4.9 6.1 u/k 6.1 u/k 5.2 5.1 4.4 u/k 4.5 4.3 5.2 
62 51 u/k 42 102 66 78 73 102 102 96 98 u/k 
38 38 u/k 12 62 42 50 45 66 72 66 62 u/k 
24 24 u/k 30 ' 40 24 28 28 36 30 30 36 u/k 
1.58 1.58 u/k 0.40 1.55 1.75 1.79 1.61 1.83 2.40 2.20 1.72 u/k 
absent absent present present absent absent absent absent absent absent absent present u/k 
cren. smoo. smoo. smoo. smoo. cren. cren. cren. smoo. smoo. smoo. smoo. cren. 
serr. serr. serr. serr. serr. serr. smoo. smoo. u/k serr. serr. serr. smoo. 
144 94 166 100 170 140 150 140 150 190 170 170 u/k 
2.32 1.84 u/k 2.38 1.67 2.12 1.92 1.92 1.47 1.86 1.77 1.73 u/k 
20 10 20 8 18 12 24 24 20 26 24 18 u/k 
0.14 0.11 0.12 0.08 0.11 0.09 0.16 0.17 0.13 0.14 0.14 0.11 u/k 
74 66 74 50 90 68 76 66 78 84 84 94 86 
118 52 144 76 142 110 120 108 130 156 152 136 126 
0.63 1.27 0.51 0.66 0.63 0.62 0.63 0.61 0.60 0.54 0.55 0.69 0.68 
12 13 34 20 32 14 18 15 22 20 34 33 28 
0.1 0 0.25 0.24 0.26 0.23 0.13 0.15 0.14 0.17 0.13 0.22 0.24 0.22 
16 20 24 u/k 12 16 16 u/k u/k u/k u/k 28 24 
25 30 60 u/k u/k 25 30 30 50 u/k 70 50 60 
40 90 110 u/k u/k 40 70 50 110 u/k 160 120 120 
260 440 450 u/k u/k 260 380 400 440 u/k 520 420 460 
Appendix 6 (cont.). Table A 6.1. Characters of larvae in Museum of Victoria voucher collection. 
(cren. = crenulated; serr. = serrated; smoo. = smooth; u/k = unknown) 
12 
Vic. 
5.0 
68 
44 
24 
1.83 
absent 
smoo. 
smoo. 
140 
2.06 
20 
0.14 
60 
110 
0.55 
20 
0.18 
20 
u/k 
u/k 
450 
13 
Vic. 
3.6 
68 
42 
26 
1.62 
absent 
smoo. 
smoo. 
142 
2.01 
u/k 
u/k 
64 
106 
0.60 
18 
0.17 
18 
50 
70 
400 
~ 
Vl 
+::>, 
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My number Label description Species by key 
in this thesis 
notes 
' 
,, 
1 
2 
3 
4 
5 
6 
7a 
7b 
7c 
8 
9 
10 
11 
12 
13 
sp. F C.sp.E previously only known from Tasmania 
sp. A? 
' 
C. annuliventris Mentum ratio well outside range described here 
sp.160 P aratrichocladius 
sp. B, sp 12 P aratrichocladius 
sp. D, = sp B, sp 7 C.sp.III C.Sp.III thoracic horn visible on pharate pupa within 
sp F, sp.9 C.sp.E previously only known from Tasmania 
C.sp.I all mounted 
sp G, sp.10 C.sp.I on one 
C.sp.III slide 
sp E, sp. 8 C.sp.III 
160E ( = sp.l from notes) C.sp.III 
sp.B, sp.7, sp.12, sp.12E P aratrichocladius 
sp.C, sp.12 C.sp.IV 
sp. A?, sp.12 C.sp.II 
sp A, sp.1, sp.12 C.sp.II 
Appendix 6 (cont.). Table A 6.2. Identification of Cricotopus larvae in Museum of Victoria voucher collection. 
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The following pinned specimens from the Australian National Insect Collection in 
Canberra were examined and identified as far as possible using the keys in Chapter 4. 
Some specimens could not be identified due to characters not being visible in uncleared, 
pinned specimens. 
In box marked Cricotopus albitibia 
Label 
Queensland, Gold Creek, Brookfield, 
8.ii.1963, J. Martin. 
N.S.W., near Lake George, 25.x.1953, 
S.J.Paramonov, det. P. Freeman 
A.C.T. Black Mountain, 28.iv.1930, 
A. Tonnoir, bred in a uarium 
In box marked Cricotopus annuliventris 
Sex Identification b 
d C. sp. I 
C. sp. I 
C. sp. I 
L bel S a ex Id tifi ti b k en 1ca on 1y 
(Queensland) Eidvold (Bancroft?) 9 C. ~p. I 
(N.S.W.), Yass, 30.ix.1931, K.English. 9 C. sp. IV 
(N.S.W.), Yass, 30.ix.1931, K.English. 9 C. sp. III 
(N.S.W.),Yass, 30.ix.1931, K.English. 9 C. sp. III 
(N.S.W.), Yass, 30.ix.1931, K.English. 9 C. sp. III 
(N.S.W.)Macquarie Pass, 2.x.1938, 9 C. annuliventris (A.Tonnoir?) 
(N.S.W.),Spencer Creek, Mt Kosciusko, 9 unknown 5700 ft, 15.xii.1931. (A.Tonnoir?) 
(N.S.W.)Spencer Creek, Mt Kosciusko, 
9 unknown 5700 ft, 15.xii.1931 (A.Tonnoir?). 
A.C.T., Blundell's Creek, 7.i.1930, 9 C. annuliventris A.Tonnoir 
A.C.T., Blundell's Creek, 7.i.1930, 9 C. annuliventris A.Tonnoir 
A.C.T., Blundell's Creek, 7.i.1930, d C. annuliventris A.Tonnoir 
A.C.T., Blundell's Creek, 7.i.1930, d C. annuliventris A.Tonnoir 
A.C.T., Blundell's Creek, 22.x.1938, d C. sp. IV. A.Tonnoir 
A.C.T., Blundell's Creek, 21.xii.1930, 
9 C. annuliventris A.Tonnoir 
A.C.T., Blundell's Creek, 2 l.xii.1930, 9 C. annuliventris A.Tonnoir 
A.C.T., Blundell's Creek, 21.xii.1930, 9 C. annuliventris A.Tonnoir 
A.C.T., Blundell's Creek, 2 l.xii.1930, 9 C. annuliventris A.Tonnoir 
ey 
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Label Sex d "fi b k I en t1 1cat.1on ,y ey 
A.C.T., Blundell 's Creek, 10.x.1930, d C. annuliventris H.M:Barnes, 
A.C.T., Blundell's Creek, 17.ix.1930, 9 C. annuliventris L.F.Graham. 
A.C.T., Blundell's Creek, 17.ix.1930, 
9 C. annuliventris L.F.Graham. 
A.C.T., Blundell's Creek, 17.ix.1930, 9 C. annulive ntris L.F.Graham. 
A.C.T., Blundell's Creek, 17.ix.1930, 
9 C. sp. III L.F.Graham. 
A.C.T., Blundell's Creek, 17.ix.1930, 
9 C. sp. III L.F.Graham. 
A.C.T., Black Mountain, 19 .ix.1930, 9 C. sp. III A.Tonnoir. 
A.C.T., Black Mountain, 16.ix.1930, 9 C. sp. III A.Tonnoir. 
A.C.T., Black Mountain, 16.ix.1930, 
9 C. annuliventris A.Tonnoir. 
A.C.T., Black Mountain, 11.ix.1930, 9 C. sp. IV A.Tonnoir. bred in aquarium 
A.C.T., Black Mountain, 11.ix.1930, 9 C. sp. IV A.Tonnoir. bred in aquarium 
A.C.T., Black Mountain, 11.ix.1930, 9 C. sp. III A.Tonnoir. bred in aquarium 
A.C.T., Black Mountain, 22.viii.1930, 9 C. annuliventris A.Tonnoir. bred in aquarium 
A.C.T., Black Mountain, 22.ix.1930, 9 C. sp. III A.Tonnoir. bred in aquarium 
A.c:r., Black Mountain, 10.xii.1930, 
9 C. sp. III A.Tonnoir. 
A.C.T., Black Mountain, 24.xi.1930, 9 C. sp. III A.Tonnoir. 
A.C.T., Molonglo, vi.1931, d C. annuliventris A.Tonnoir. bred in aquarium 
A.C.T., Molonglo, vi.1931,A.Tonnoir. d C. annuliventris bred in aquariurp, det. P.Freeman 
(A.C.T.)Pine Plantatio.n, nr Mount Stromlo, 
18.ix. 1934, A.Tonno1r. 9 C. annuliventris 
(A.C.T.)Pine Plantatio_n, nr Mount Stromlo, 
18.ix. 1934, A.Tonnoir. 9 C. annuliventris 
(A.C.T.)Pine Plantation, nr Mount Stromlo, 9 C. annulive ntris 18.ix. 1934, A.Tonnoir. 
(A.C.T.)Pine Plantation, nr Mount Stromlo, d C. annuliventris 18.ix. 1934, A.Tonnoir. 
(A.C.T.), Canberra, 7 .xi.1929, A.Tonnoir. 9 C. sp. III 
(A.C.T.), Cotter River, 13.iii.1 930, d C. sp. IV J.W.Evans, 
(A.C.T. ?)Pretty Pr. Creek, 13.xii.1931 9 C. annuliventris 
. ?) (A.Tonno1r. . . 
W.A., Pemberton, 30.xi.1936, K.R.Norns 9 C. sp. III det. P .Freeman 
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